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ABSTRACT
This report summarizes a reservoir study performed 
on an over-pressured, retrograde condensate, partial water 
drive gas field located in southern Louisiana. Of the 
seventeen wells which penetrated the formation of interest, 
twelve were completed in this reservoir as production wells 
and six of those are currently producing. The purpose of 
this study was to estimate the original gas-in-place and 
predict reserves, first, with the present producing wells, 
and second, with the additional production from a possible 
recompletion. Problems encountered during the study 
included accounting for gas leakage from the reservoir 
during the first several years of production, estimating 
water influx with no knowledge of aquifer size, and deter­
mining the formation compressibility. In addition, the 
analysis was performed with somewhat incomplete data since 
the operating company did not release all information 
pertaining to this reservoir.
From material balance calculations, an estimated 
670.0 billion standard cubic feet (BSCF) of gas were in the 
reservoir on January 1, 1957. The actual field discovery 
date was in the early 1950's, but it was not used as the 
effective starting date because of problems
ii i
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accounting for gas leakage from the reservoir prior to 
1957. For this reason, the 3.0 BSCF which were produced 
from the reservoir prior to 1957 were neglected in material 
balance calculations.
If the current producing wells continue as predic­
ted, an additional 44.1 BSCF of gas will be recovered after 
August 31, 1981, before the field completely waters out 
early in 1992. Since the field has already produced 601.5 
BSCF, this will result in an impressive 96 percent ultimate 
recovery efficiency. If well 6-B, the highest well on the 
structure, is completed in the formation of interest before 
January 1, 1983, an additional 8.1 BSCF of gas will be 
recovered before the field waters out. There is also a 
slight chance that a sand stringer in well 6 - B ’s fault 
block is not being depleted and is at the initial reservoir 
pressure of over 11,800 psia. If this is the case, 
completing well 6-B in this stringer would increase the 
reserve estimate by an additional 18.6 BSCF. Based on 
these results, the economic feasibility of abandoning well 
6-B's present producing horizon and completing it in this 
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INTRODUCTION
This report concludes a reservoir study on an over­
pressured, retrograde condensate gas field with partial 
water-drive. The purpose of this study was to determine 
the remaining field reserves, first, with the present 
producing wells, and second, with the additional production 
from a possible recompletion. Recommendations are 
presented based on these predictions.
The gas field studied is located on-shore in 
Louisiana. Seventeen wells penetrated the formation of 
interest, twelve were completed in this reservoir as 
production wells, and six wells are currently producing. 
Complying with the desires of the operating company, the 
name and exact field location have been withheld. Well 
names were also changed to protect the working interest 
owner s .
Like many other fields in Louisiana, this field 
overlies a salt dome. Induced by the salt dome, a low dip 
anticlinal structure contains gas in two main sands, the A 
and B stringers, at an average depth of 14,300 feet and an 
initial pressure slightly greater than 11,800 psia (0.82




Several faults divide the field into five separate 
productive fault blocks. Calling the farthest west block 
Fault Block 1 and numbering clockwise around the field, 
they are referred to as Fault Blocks 1 through 5 in this 
report. All faults were interpreted by the geologists of 
the operating company and were provided with the original 
data. Further analysis of the reservoir confirms the 
location of these faults. Figures 1 and 6 are structure 
maps of the top of the B and A sands respectively. Kelly 
bushing elevations were not provided with the given data. 
All structure maps, therefore, were contoured in feet 
subsurface. This assumes that the ground level is flat, 
which is not an unreasonable assumption for southern 
Louisiana. The B sand maps are listed first because the B 
sand is more extensive and more significant than the A 
sand.
The approach to the study was first to analyze 
open-hole logs for seventeen wells which penetrated the 
formation. This analysis provided average rock properties 
used in further calculations and a volumetric estimate of 
original gas-in-place•
Using production data to estimate the movement and 
location of the water front and average rock properties 
from the log analysis, water influx was estimated volume-
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trically at three different times in the past. Several 
Hurst-Van Everdingen water influx models were compared with 
volumetric influx estimates to approximate the water 
aquifer size. The Hurst-Van Everdingen model which 
compared the best was used to model water influx for 
material balance calculations.
Using this water influx model with measured 
production data, bottom-hole shut-in pressures, and data 
from an early PVT analysis, a material balance computer 
program was developed to estimate the original gas-in- 
place. Although this model accounted for reservoir retro­
grade condensation, it should be noted that the reservoir 
condensate volume was a relatively insignificant term in 
the analysis. Results from material balance calculations 
also verified both the water influx model and the value of 
the formation compressibility.
Having estimated the original gas-in-place, future 
reservoir performance was predicted using decline curves 
and the material balance model for the wells presently 
producing in the formation of interest. A prediction case 
was also run assuming well 6-B was recompleted in the A and 
B sands from a deeper sand which is its present producing 
formation. Well 6-B was chosen because it is the highest
ER-2610 4
well on the structure and because its open-hole logs 
indicated good reservoir potential. The following Results 





Due to an apparent poor cement job in either the 
first well drilled, which blew out, or in well 2-A, the 
second well drilled, an unknown amount of gas leaked from 
the reservoir before 1957. An estimated 4.4 billion 
standard cubic feet, BSCF, leaked off after 1957 before the 
pressures across the leakage point equalized. Because of 
the unknown amount of gas leakage prior to 1957, January 1, 
1957 was used as the effective starting date and the 
pressure at that time of 10,480 psia was used as the 
initial reservoir pressure for water influx and material 
balance calculations.
WATER INFLUX
By comparing a Hurst-Van Everdingen water influx 
model with volumetric water influx estimates, the aquifer- 
to-gas reservoir radius ratio was estimated to be 1.6. In 
approximately 1977, after twenty years of production, a 
faulted extension of the water aquifer began to arrest the 
reservoir pressure decline. The leveling off of the P/z 
versus cumulative gas production curve indicates that the 
water influx rate was becoming equal to the reservoir
ER-2610 6
voidage rate (Figure 30). Because of this support, the 
water influx rate stayed constant after ,1977 at 4.61 
MMBbls/yr. Water influx is plotted versus time in Figure 
34.
ORIGINAL GAS-IN-PLACE
Based on the Hurst-Van Everdingen water influx 
model and an initial time of January 1, 1957, material 
balance results are plotted in Figures 35 and 36. Figure 
36, a plot of the gas expansion factor divided by the 
pressure drop versus net voidage divided by the pressure 
drop, illustrates the reliability of the leakage estimate. 
Also, the intercept of that curve was used to verify the 14 
x 10 6 vol/vol/psi formation compressibility term and the 
slope was used to estimate the original gas-in-place.
Figure 35, a plot of estimated original gas-in-place versus 
pressure, justifies not only the water influx model but 
also the formation compressibility term used. From both 
plots, 670.0 BSCF of gas was estimated to be in place on 
January 1, 1957.
Volumetric parameters were adjusted within the 
range of reasonable uncertainty so that results would agree 
with material balance calculations. Calculations using an 
average porosity of 23% and an average water saturation of
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20% produced good agreement between volumetric and material 
balance original gas-in-place estimates. These values of 
porosity and water saturation are within the range of 
values seen on logs. Other average reservoir data appear 
in Table 1.
REMAINING RESERVES
Once the original gas-in-place was determined, de ­
cline curves were used to predict gas production after 
August, 1981. If the six wells presently producing contin­
ue as predicted, an additional 44.1 BSCF will be recovered 
before the field completely waters out early in 1992. Re- 
completing well 6-B, the highest well on the structure, 
will result in an 8.1 BSCF incremental increase in produc­
tion due to increased pressure draw-down before the field 
waters out. There is also a slight chance that the A zone 
in well 6-B's fault block is undepleted and at the initial 
reservoir pressure. If this is the case, completing well 
6-B increases the incremental reserve estimate to 18.6 
BSCF. Tables 12 through 18 summarize predictions for indi­
vidual wells. Tables 19 and 20 summarize field-wide pre­
dictions with and without well 6-B. Combined field-wide 
results are plotted in Figures 55 through 60.
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RECOMMENDATIONS
Based on the results of this study, the economic 
feasibility of abandoning well 6-B's present productive 
horizon and completing it in the A and B sands should be 
analyzed. A 10 to 20% probability should be used for the 
case in which well 6-B's A zone is considered to be at the 
initial reservoir pressure. If feasible, and if, like the 
B zone, the A zone is not pressured up, large sections of 
both the A and B sands should be perforated and the well 
stimulated according to regional practices. The higher the 
production rate achieved, the lower the resulting reservoir 
pressure will be when the field waters out, and therefore, 
the greater will be the incremental production.
If the A zone is at the initial reservoir
pressure, then the B zone should be produced alone to
abandonment conditions. At that time, the A zone should be 
completed and produced to abandonment conditions. This 
will keep the A zone from pressuring up the B zone through
well 6-B's well bore. It is also a procedure that will
optimize ultimate recovery, but not necessarily the 
discounted profitability of the project. An in-depth 
economic analysis would be needed to optimize the operating 
procedure from that standpoint.
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DISCUSSION
The Discussion is presented in two parts. Volu­
metric and material balance calculations are discussed 
under Analysis of Past Performance. Future field-wide 
production is then forecast in Future Predictions.
ANALYSIS OF PAST PERFORMANCE
FIELD HISTORY: The first well drilled in the field had
a blow out from this reservoir. Not only did it blow at 
the surface but it also pressured up a shallower formation. 
Absolutely no other information is available about this 
well, including the date drilled or its location.
A second well, the 2-A, was drilled and completed 
in the B stringer in July, 1953. It produced 3.0 billion 
standard cubic feet, BSCF, from August, 1953 to June, 1954 
when it was shut-in to install high pressure down-hole 
equipment. During this time period the reservoir pressure 
had dropped from 11,800 psia (0.82psi/ft) to 11,450 psia. 
Like many other reservoirs in South Louisiana, this 
reservoir had a pressure gradient well above the normal 
0.465 psi/ft.^* Analyses of over-pressured reservoirs tend 
to be complicated by large formation compressibility
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2 3 4values. ' ' As will be discussed, a great deal of effort 
went into accounting for and justifying the formation 
compressibility value used in this study.
For the next two and a half years after June, 1954 
there was no production from the field until well 2-A was 
brought back on line in January, 1957. However, when the 
pressure was measured in 1957 it had declined to 10,480 
psia. Gas leaking from the reservoir through either well 
2-A or the first well had apparently reduced the pressure 
1000 psi during the shut-in period.
Between January 1, 1957 and August 31, 1981 a 
total of 11 wells produced 597.1 BSCF from the reservoir. 
Five of those wells were still producing in September,
1981, and a sixth well has been completed since then. Of 
the six shut-in wells, one was apparently abandoned because 
of low gas production rates and the other five because of 
problems associated with high water production rates.
Because of the gas lost during the blowout and the 
unknown volume of gas leakage since then, 10,480 psia was 
used as the initial pressure and January 1, 1957 as the 
effective starting date for the entire study. Also, the 
1957 starting date was important because well 11-A, which 
was drilled in late 1957, was the first well whose logs 
showed the gas-Water contact. Based on the data available
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for this study it was impossible to estimate the gas-water 
contact location in 1953. Therefore, using the gas-water 
contact in well 11-A for volumetric calculations and using 
an initial time of January 1, 1957 for material balance 
calculations should give consistant results.
VOLUMETRICS: Volumetric calculations using initially
interpreted reservoir properties estimated 604.5 BSCF of 
gas to be originally in place as of January 1, 1957. Since 
approximately 600 BSCF of gas had already been produced 
late in 1981, this estimate was considered to be low. 
Adjusting the average porosity from 21% to 23% changed the 
estimated average water saturation from 23% to 20% and the 
estimated original gas-in-place to 670 BSCF, the same value 
obtained from material balance calculations. The 23% 
porosity is reasonable and is well within the range of 
values interpreted from wireline logs. This section 
discusses the analyses used to obtain these results.
Some open-hole wireline logs were available on 
seventeen wells drilled in the field. The first five wells 
drilled, the 2-A, 3-A, 5-A, 11-A, and 3-B, had available 
only old electric logs for resistivity and no quantitative 
logs for porosity. Well 4-B had only a Gamma Ray - Neutron 
log and no resistivity log through the producing formation.
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Well 4-C had only an induction log and no porosity logs.
All other wells had modern induction logs and either sonic,
bulk density, or neutron-density porosity logs. Figures
12A and 12B show the logs for well 17-A as examples.
Core analyses were available for wells 2-A and
17-A. Unfortunately, neither of the cores were taken in
the reservoir pay zone. Since shale affects all of the
porosity logs and the cores were taken mainly in shaly
sections, it was impossible to obtain correlations between
core porosity and porosity log parameters. Comparing
plotted core data to all of the logs failed to reveal any
other consistant correlations.
For wells with neutron-density logs, porosity was
5obtained from a neutron-density crossplot. The density 
porosity was calculated on the logs from the equation:^
0 ■ <?«* - P b)/(Pma ~ Pf>
where
0 = porosity, fraction
= matrix density = 2.65 gm/cc ma 2 ^
^  = fluid density = 1.0 gm/cc 
(“k = bulk density, gm/cc
In all cases the logs showed the common neutron-density
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crossover due to gas effects (see Figure 12). These same
gas effects ruled out using the bulk density plot alone to
obtain porosity.
Porosity was also calculated for wells with sonic
5logs from the Wyllie equation:
0 = (t-t )/(t -t ) ma f ma
where
0 = porosity, fraction 
t = formation travel time in us/ft 
tf = fluid travel time = 190 /xs/ft 
tma = matrix travel time = 55.5 >us/ft
Well 17-A had both sonic and neutron-density logs. 
Since sonic porosity values compared closely with 
neutron-density porosity values, the parameters used for 
porosity calculations were considered to be correct and 
were used for all other wells.
The average porosity, weighted for thickness, for 
the six wells with good porosity logs was calculated to be 
21%. It ranged from 17% to 28% in different zones with 
average values for the wells ranging from 20% to 22%. The 
average value, therefore, was consider-ed representative of 
the whole field and was used for all other wells.
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All wells except the 4-B had some sort of resis­
tivity logs. True formation resistivity, Rt, was read 
directly off the induction log when it was available. 
Determining resistivity values for wells with old electric 
logs was more difficult. The lateral-log does not read the 
true resistivity of beds less than 18 feet thick. Also, 
any beds within 18 feet vertically of the bed being 
measured affect the resistivity reading. When bed thick­
nesses were greater than the 18-feet 8-inch lateral-log 
spacing and adjacent bed effects were minimal, Rt was read 
directly off of the lateral-log. Since this was not 
usually the case, the following equation using the 16-inch 
short-normal and 64-inch long-normal readings corrected for
bed thickness was most often used to calculate R . .t
2Rt = RLN /RSN (Hilchie,6)
where
2Rt = true formation resistivity, ohm-m /m
2RLN = long-normal corrected resistivity, ohm-m /m
2RSN = short-normal corrected resistivity, ohm-m /m 
Water saturation was calculated for all zones in




Sw = water saturation, fraction
2Rw = formation water resistivity = 0.02 ohm-m /m
2Rt = true formation resistivity, ohm - m /m
Fr = 0.62 *0” 2 *15 (Humble, 5)
0 = porosity, fraction
. . 2An apparent water resistivity of 0.021 ohm - m /m was
calculated from a water zone in well 16-A using a 100%
water saturation value in the Archie equation. The Rw
2value of 0.02 ohm-m /m was provided with the given data, it 
is accepted for this particular area, and it is in good 
agreement with the value calculated from well 16-A.
Maps and volumetric calculations were done sepa­
rately for the A and B sands. Using top and bottom
structure maps, gross thickness isopach maps were construc­
ted (Figures 3 and 8). Neglecting zones with water satura­
tions greater than 60%, net pay was calculated for the two 
sands in each well. These values were contoured on net pay 
isopach maps following general trends in gross thickness 
(Figures 4 and 9). No porosity cut off was used since 
porosity values within the gross interval were never below 
15%.
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A and B sand net-gas thicknesses were calculated 
for each well using the following equation:
where
tg = £ t b j * 0 j *  (1-Swj)
tg = total net gas thickness, ft 
tbj = thickness of bed j, ft 
0j = porosity in bed j, fraction 
Swj = water saturation in bed j, fraction 
n = number of beds in sand stringer
Using these values, isovol maps were constructed (Figures 5 
and 10). Once again, contours were drawn following general 
trends in gross isopach and net pay maps. All log data for 
all wells appear in Table 2.
Isovol maps were used to calculate the initial 
reservoir gas volume in each fault block. These volumes 
were summed to find the total field reservoir gas volume 
for both the A and B sands. This was done by planimetering 
the isovol maps to find the area inside each contour line. 
Each fault block's gas volume was then calculated using the 
trapezoidal rule.
Vg = 1/2*CI*Ao + Cl* £  Ai + l/2*CI*An + l/2*hn*An
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where
Vg = reservoir gas volume, ac - ft
Cl = contour interval, ft
Ao = area inside the zero contour, acres
Ai = area inside contour i, acres
hn = height of gas above final contour, ft
Table 3 summarizes these data.
Summing these values for the A and B zones gave 
a total reservoir gas volume of 38,110 ac-ft, with 5056 
ac-ft in the A and 33,054 ac-ft in the B. Using the 




G = original gas-in-place, BSCF 
Vg = reservoir gas volume = 38110 ac-ft.
Bgi = initial gas formation-volume factor = 
Zi*Tres*Pref/Tref*Pi 
Pi = initial reservoir pressure = 10480 psia 
Zi = initial gas deviation factor = 1.435
Tres = reservoir temperature = 710° R
Pref = reference pressure = 14.7 psia
Tref = reference temperature = 520° R
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Since 601.5 BSCF of gas had already been produced 
or leaked off by August 31, 1981f this volumetrically 
estimated original gas-in-place was too low. Only three 
fault blocks were open ended and all three were diminishing 
in gross pay down structure. Because of this situation, 
the gas-water contact would have to be moved a long dis­
tance down structure to significantly change the original 
gas-in-place estimate. Since this could not be justified, 
calculations were made to determine how much the average 
porosity and water saturation would have to change to get 
an estimated OGIP of 670 BSCF, the value obtained from 
material balance calculations. Initially the average water 
saturation in both zones was calculated to be 23%. The 
bulk volume was calculated from the following equation and 
was considered to be correct.
Vb = V g i /0i*(1-iSwi)
where
Vb = bulk volume 
Vgi = initial estimated gas reservoir volume 
= 38110 ac-ft 
0i = initial estimated porosity = 21% 
iSwi = initial estimated water saturation = 23%
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An average Rt value was calculated that satisfied the 
Archie equation using 0i and iSwi.
Rt = Rw*O.62*0i“ 2#15/iSwi2
For an OGIP of 670 BSCF, the required reservoir gas volume 
was calculated.
Vg = 670*10^*Bgi/43560
Using the bulk volume, reservoir gas volume, and average Rt 
values that were calculated, the saturation and volumetric 
equations shown below were solved simultaneously for Swi 
and 0.
Swi2 = Rw* 0 .62*0~2 *15/Rt 
Vg = 0 * (1-Swi)*Vb
By trial and error, 0 was calculated to be 23% and Swi to 
be 20%. Initial porosity estimates from the log analysis 
were changed by two percentage points. This difference is 
well within the accuracy range of well log calculations. 
These corrected values were used in all water influx and 
material balance calculations.
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MATERIAL BALANCE APPROACH: From material balance
calculations the original gas-in-place was estimated to be
—  6670 BSCF. Plotted results verified the 14 x 10~ vol/vol/
psi formation compressibility term used and lent credence
to the Hurst-Van Everdingen water influx model (see Figures 
35 and 36). The estimate that 4.4 BSCF of gas had leaked 
from the reservoir after 1957 was also justified with these 
plots. This section discusses the material balance 
equation used in this study to get these results. The 
conditions under which the equation is applicable are 
analyzed. Where and how the input data are acquired are
examined. And finally, the equation is manipulated to
produce y = mx + b formats whose plots are used to verify 
earlier assumptions and obtain the original gas-in-place.
The material balance equation used is shown below.
G * [(Bg - Bgi) + 5.615*Vc*(l - Bg*380 * Prc/MWrc)
+ (Bg i/l-Swi) * (Cw*Sw + C f ) * (Pi - P ) ]




G = original gas-in-place, SCF 
Bg = gas formation-volume factor, FVF, at 
pressure P, res cu ft/SCF 
Bgi = gas FVF at inital pressure, res cu ft/SCF 
G(Bg-Bgi) = total gas expansion from Pi to P, res cu ft 
Vc = reservoir condensate volume related to OGIP, 
bbl/SCF
^rc = reservoir condensate density, lbs/cu ft 
MWrc = reservoir condensate molecular weight, 
lbs/lbs-mole
Vc*380* ̂ rc/MWrc = equivalent gas volume of reservoir 
condensate, SCF 
Swi = initial water saturation at Pi, fraction 
Cw = water compressibility, vol/vol/psi 
Cf = formation compressibility, vol/vol/psi 
Pi = initial reservoir pressure, psia 
P = pressure measured at later time, psia 
Gp = cumulative gas production at this later 
time, SCF
Cp = cumulative total condensate production, STB 
Bos = stock tank to separator oil-volume factor, 
bbl/STB
^sc = separator condensate density, lbs/cu ft
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MWsc = Separator condensate molecular weight, 
lbs/lbs mole 
Bos*Cp*380*^sc/MWsc = equivalant gas volume of 
condensate production, SCF 
Wp = cumulative water production, bbl 
Bw = water formation-volume factor, res bbl/bbl 
We = cumulative water influx, bbl
This equation is applicable under the following conditions:
1.) There is some average pressure which defines 
the reservoir. Pressure data came from 24-hour 
bottom-hole shut-in pressures, generally 
measured in several wells at the same time.
Due to the relatively high permeability (100
md from core data) and low gas viscosity, 24 
hours was enough time to measure the average 
reservoir pressure as evidenced by the close 
comparison of pressure values measured at 
different wells (see Table 4 and Figure 28A) .
2.) Gas dissolved in the water is neglected. 
Calculations showed that less than 1 BSCF of 
gas would be freed from dropping the connate
ER-2610 23
water pressure from the initial 10,480 psia to 
the current 1800 psia, which is far less than 
1% of the 670 BSCF of original gas-in-place.
3.) Water vaporized in the gas is neglected. At 
the initial reservoir pressure, the amount of 
water in the gas is approximately 1.1 Bbl/ 
MMSCF. Neglecting this value produces errors 
of less than 1% in the estimated value of 
original gas-in-place.
4.) Water compressibility is held constant with
—  6pressure at 3.45 x 10 vol/vol/psi. Cw values 
range from 3.2 to 3.7 with pressures ranging
7from 1000 to 11,000 psia. A maximum possible 
error of 7% in Cw produces much less than a 1% 
error in total expansion energy.
5.) Formation compressibility is held constant at
—  614 x 10 vol/vol/psi with pressure. Newman's 
correlations for unconsolidated sandstones were 
used to estimate this value of Cf.
Two other conditions were also applicable. Using
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10/480 as the initial pressure and January 1, 1957 as the 
initial time meant that the reservoir was assumed to be in 
equilibrium at that time. Since leakage had occurred and 
most probably was still going on, this likely was not the 
case. The static condition in 1957 was a necessary assump­
tion, however, to get comparable volumetric and material 
balance results, as has been discussed. It also permitted 
disregarding the gas leakage that had occurred up to that 
point. The error involved would be difficult to quantify, 
but considering the amount of reservoir depletion since 
1957, it would probably be insignificant.
Comparing bottom-hole pressure data for the 
different wells (see Table 4 and Figure 28A) shows very 
little difference between wells that had been producing and 
wells that were newly drilled, even when the new wells were 
in fault blocks that had no other earlier producing wells. 
Therefore, it appears that all fault blocks are in good 
pressure communication across the faults. Well 2-A was 
producing only from the B zone until it watered out in late 
1967. When recompleted to the A zone, the well came on at 
a pressure very close to B zone pressures at that time. 
Therefore, the A and B zones also appear to be in communi­
cation, probably along the fault contacts. Based on these 
assumptions, material balance calculations were performed
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on the reservoir as a single
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1954 was an important source of input data. Deviation 
factors for the reservoir gas were both calculated and 
measured and are plotted versus pressure in Figure 29.
P/z values were calculated and are plotted versus cumula­
tive gas production in Figure 30. From these P/z values, 
the gas formation-volume factor was also calculated and is 
plotted versus pressure in Figure 31.
Figure 30 shows that the P/z versus Gp plot is 
concave downward. This is due to the combined effects of 
formation compressibility and water influx, which are 
ignored when using this plot. A plot of P/z times the 
compressibility term versus Gp is also illustrated in 
Figure 30. The fact that this curve is also concave 
downward indicates that water influx contributes signifi­
cantly to the deviation from a straight line of the P/z 
p l o t .
A gas sample was placed in a constant volume cell 
in the laboratory at initial reservoir temperature and 
pressure. As gas was produced from the cell, the retro­
grade condensate volume was measured. Vc was calculated by 
dividing the condensate volume by the original sample 
volume at standard conditions. Figure 32 is a plot of Vc 
versus pressure. By observation the dew point was estimat­
ed to be approximately 10,570 psia 100 psi. Because this
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analysis used 10,480 psia as the initial pressure, this 
value was also used as the dew point pressure. It should 
also be noted that the condensate volume was never greater 
than 2% of hydrocarbon pore volume in the laboratory tests. 
Not only does this mean that the reservoir condensate was 
immoble, it also indicates the insignificance of hydro­
carbon liquids lost to reservoir retrograde condensation.
A hydrocarbon analysis was performed on the
residual retrograde condensate in the cell at 250° F and
605 psia. The density and molecular weight were calculated
from this analysis to be 48.3 lbs/cu ft and 178.3 lbs/lb 
9mole. These values were held constant and used m  
material balance calculations throughout the pressure 
history. Because the retrograde condensate volume is such 
a small percent of total expansion energy and because any 
changes in density would be offset by relative changes in 
molecular weight, the error introduced by holding these 
values constant is negligible.
The initial sample was taken at a separator temper­
ature and pressure of 89° F and 842 psia. A stock-tank to 
separator oil-volume factor of 1.0807 was measured. From a 
separator condensate hydrocarbon analysis, the molecular 
weight and density were calculated to be 157.7 lbs/lb mole
oand 49.5 lbs/cu ft. Since the separator conditions were
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not known at any other time, these values were held 
constant and were used in all material balance calcula­
tions, The equivalent gas volume of all produced conden­
sate is less than 1% of total gas production. Therefore, 
holding these values constant causes negligible error.
The water formation-volume factor was obtained from
9published correlations. It is plotted versus pressure 
in Figure 33.
Dodson and Standing correlations were used to
7estimate water compressibility. As discussed earlier, an 
average value of 3.45 x 10”^ vol/vol/psi was used in all 
calculations.
Formation compressibility was estimated from
oNewm a n ’s correlations. If the formation were consoli-
—  6dated, the estimated compressibility would be 2.4 x 10
vol/vol/psi. If the formation were unconsolidated, a value 
—  6of 14 x 10 vol/vol/psi would be estimated from the
correlations. The latter value was used because Gulf Coast
sands tend to be unconsolidated, especially when over- 
1 2  3 4pressured. ' ' ' Also, the wells produced sand with 
increased water rates, indicating the sand is unconsoli­
dated. Since the formation compressibility turns out to be
—  6a significant driving energy, this value of 14 x 10 is 
justified later in this report.
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WATER INFLUX: Water influx was the most difficult
variable to quantify. The approach used was to estimate 
water influx volumetrically from well production data and 
then develop a Hurst-Van Everdingen model which gave 
comparable results. .
From production data, the time at which the water 
front reached different wells was estimated. Knowing the 
depth of the bottom perforation and assuming that the water 
advanced evenly through the fault blocks, the area invaded 
in each fault block was determined. Initial water satura­
tion and porosity were known from well logs. Residual gas 
saturation was calculated from the logs of the wells which 
showed the gas-water contact. Well 11-A was drilled in 
1957 and its log values were used to estimate the original 
gas-water contact location of 14,577 feet subsurface. Well 
16-A, drilled in 1966, and well 2-D, drilled in 1981, were 
the other two wells whose logs showed the gas-water contact 
location at those points in time. Averaging water satura­
tion values for these wells weighted for thickness gave a 
32% remaining gas saturation after invasion by water.
Using the bulk volume of each fault block from 
the original volumetric estimates and using the area inside 
the original gas-water contact, the average thickness for 
each fault block was determined. Well 2-A, which broke
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through to water production in both the A and B zones 
separately, showed that both zones in the field were being 
invaded by water. The effective contributing thickness in 
the A zone was estimated by multiplying its thickness by 
its area divided by the B zone area, which was always 
larger. Summing this value with the B zone thickness gave 
the total average interval being invaded by water.
Water influx was estimated volumetrically with the 
following equation.
where
We = h*0*(l - Swi - Sgr)*A*43560/5.615
We = cumulative water influx into fault block, bbl 
h = total average thickness being invaded, ft 
0 = porosity , fraction 
Swi = initial water saturation/ fraction 
Sgr = remaining gas saturation, fraction 
A = invaded area, acres
These calculations were done at three points in time; the 
middle of 1966, 1977, and 1981. Table 5 summarizes water 
influx values for each fault block at these times. 
Appendix A illustrates a sample influx calculation for 
Fault Block 2.
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A Hurst-Van Everdingen water influx model was 
developed which produced comparable results. All input 
variables except for the aquifer radius were known. From 
observations of the water front advancement, it was 
apparent that water was coming from the west and northwest 
through Fault Blocks 1, 2, and the west edge of Fault Block
5. Thus, an angle subtended by the reservoir circumference 
of 90° was used to calculate the water influx constant. The 
gas reservoir radius, therefore, was calculated assuming 
the total reservoir area was in the shape of a quarter 
ci rcle.
Porosity and water and rock compressibilities were 
known from earlier analyses. From net pay maps, a combined 
A and B zone aquifer thickness of 70 feet was estimated. A
0.26 cp water viscosity was estimated from standard cor-
9 . . . .relations. Geometric mean permeabilities of 107 md and 19
md were calculated from the two core analyses. Because the 
cores were not taken in the pay interval these values are 
probably low. Therefore a 100 md value was used to calcu­
late dimensionless time. As it turned out, the small 
aquifer radius resulted in early pseudo-steady state flow, 
so using a much different permeability value would have 
changed the results very little. Using these values, 
dimensionless time and the water influx constant were
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7calculated from the following equations:
where
tD = O.OO6323*k*t/0*M*Ce*Rg2 
B = 1.119*0*Ce* Rg2*h*0/360
tD = dimensionless time = 0.00284 t 
t = actual time, days 
k = permeability, md 
0 = porosity, fraction 
m = water viscosity, cp 
Ce = effective compressibility, vol/vol/psi 
Rg = gas reservoir radius, ft 
B = water influx constant = 16710 bbl/psi 
h = aquifer thickness, ft 
9 = angle subtended by the reservoir 
circumference, degrees
Using year long equal time steps, pressure was read 
off the pressure versus time plot (Figure 28) and corrected 
to a 14,577 foot datum, the original gas-water contact 
location. The incremental pressure drop was calculated at 
each point from:
APi = (pi-2 " Pi) /2
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where
A Pi = incremental pressure drop for ith step 
Pi = pressure at end of ith step.
Using dimensionless water influx from the charts versus
dimensionless time for different aquifer-to-gas radius
7ratios, water influx was calculated from:
We = B* £  Q (t)i* A Pi
where
We = cumulative water influx, bbl 
Q (t) = dimensionless water influx 
n = total number of time steps
By trial and error, a value of 1.6 for the aquifer 
to-gas radius ratio produced results which compared most 
favorably to the volumetric estimates. Table 6 summarizes 
the Hurst-Van Everdingen calculations. These results are 
compared to volumetric estimates in Table 7.
As Table 7 illustrates, the models compare fairly 
well through 1977, differing by less than 6%. From 1977 
through 1981, however, the Hurst-Van Everdingen model 
estimated significantly less water influx than did the 
volumetric model. Since the volumetric numbers are prob­
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ably close to being correct, it was apparent that the 
aquifer being modeled by the Hurst-Van Everdingen method 
was beginning to see additional outside support. This 
theory is supported by the P/Z versus Gp plot (Figure 30). 
Until the last few pressure points the P/Z curve, which 
accounts for the compressibility term is concave downward, 
indicating that throughout that time period the water 
influx rate was insufficient to replenish voidage and main­
tain reservoir pressure. However, the leveling off of the 
last two pressure points implies that water influx was 
actually beginning to keep up with the lower reservoir 
withdrawal rate. Further justification came from actual 
material balance calculations. To produce consistant 
original gas-in-place estimates from incremental analyses 
between the last three pressure points required the use of 
water influx values larger than original Hurst-Van 
Everdingen estimates.
The Hurst-Van Everdingen model for an aquifer to 
gas radius of 1.6 did a good job accounting for water 
influx throughout most of the past history. However, the 
model became insufficient for the last few pressure points, 
estimating water influx values less than those needed for 
consistant material balance calculations. As was 
discussed, it is believed that at that time the aquifer was
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beginning to see additional support from beyond the 1.6 
radius ratio. From known geologic conditions in the 
reservoir, it is likely that the aquifer could also be 
divided into several fault blocks.
A faulted aquifer model explains this apparent 
later increase in aquifer support. At a radius of 1.6 
times the reservoir radius there is a fault, or some other 
low permeability barrier, beyond which the aquifer contin­
ues indefinitely. Although the aquifer extension contrib­
uted pressure support from the beginning, because of the 
very low permeability at the barrier, the dimensionless 
time and the related dimensionless water influx increased 
at a very slow rate. However, by 1977, the dimensionless 
water influx had become large enough, the cumulative 
pressure drop had become large enough, and the water influx 
rate from the Hurst-Van Everdingen modeled aquifer had 
become small enough that the aquifer extension began to 
contribute a significant portion of the total water influx.
Knowing only that the original Hurst-Van 
Everdingen water influx model did a good job accounting for 
water influx through 1977, and that after that point it 
predicted influx rates less than what were needed, it was 
assumed that the water influx rate stayed constant at the 
1977 influx rate of 4.61 MMBbl/yr. Not knowing exactly
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what was going on in the aquifer, and knowing none of the 
parameters of the aquifer extension, this was a reasonable 
estimate of what the water influx rate would be in the 
future. Therefore, this model was used to predict water 
influx from 1977 to 1981 and also for future predictions 
beyond 1981.
It should be noted that as pressure drops become 
smaller, and as the original pressure drops approach zero 
in the aquifer extension, the water influx rate will 
actually decrease with time. Using a constant rate is a 
conservative measure that when used for future predictions 
will indicate that wells and fault blocks will water out 
faster than if the rate was assumed to decrease.
With a constant 4.61 MMBbl/yr influx rate after 
1977, the 1981 influx values compared much better (see 
Table 7). The Hurst-Van Everdingen estimate is still 10 MM 
Bbls below the volumetric estimate, but it would be 
difficult to assume that the influx rate actually increases 
over the 1977 value. It should be noted that neither the 
original Hurst-Van Everdingen model nor the aquifer exten­
sion model are necessarily correct. The actual geometry, 
continuity, and physical properties of the water aquifer 
are unknown. The models are merely mathematical 
simulations which reasonably account for the water influx
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that has entered the reservoir in the past. Although thes 
models are obviously not perfect, water influx values 
obtained from them were used to get reasonable and 
consistant material balance results, as will be discussed 
later.
MATERIAL BALANCE COMPUTER PROGRAM: Having prepared all
material balance input variables, a computer program was 
written to perform the calculations. Appendix B is a copy 
of that program. The program first manipulated the 
material balance equation into a Y = mX + b format where
Y = (Gp + 5.615*Cp*Bos*380*<?sc/MWsc) *Bg +
5.615*Wp*Bw - 5.615*We 
X = (Bg - Bgi) + 5.615*Vc*(l - Bg*380*ftrc/MWrc)
+ (Bgi/l-Swi)* (Cw*Sw + C f ) * (Pi - P) 
m = G 
b = 0
Values for X and Y were calculated at 21 pressure 
points during the field’s history. The original gas-in- 
place was calculated at each pressure point by dividing X 
into Y. Figure 35 is a plot of these OGIP estimates versus 
pressure. Appendix C is a sample calculation illustrating
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this procedure.
Low OGIP estimates for the first few points implied 
that not enough gas production was being accounted for from 
initial reservoir pressure drops. These low estimates 
indicated that gas was still leaking from the reservoir. 
Since leakage had occurred during the shut-in period and it 
was not going to stop just because production began again, 
this result was expected. Leakage was accounted for by 
calculating how much production would have to increase to 
produce reasonable OGIP estimates at the early pressure 
points. From these calculations, an estimated 4.4 BSCF of 
gas leaked from the reservoir during the first year and a 
half of production. At this time the pressure at the 
leakage point became low enough that gas flow from the 
reservoir ceased. A sample leakage calculation is 
performed in Appendix D.
After accounting for leakage, 210 more data points 
were generated by doing an incremental material balance 
between the 21 measured pressure points. This was done 
using the equations:
Y1 = mXl + 0 
Y4 = mX4 + 0 
Y4 - Yl = m(X4 - Xl)
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where XI, Yl, X4, and Y4 are values calculated at their 
respective pressure points. Each incremental analysis was 
used to estimate an OGIP value. The average of all these 
values was used as a best estimate for the original 
gas-in-place.
Manipulation of the material balance equation into
another Y = mX + b form was used not only to support the
OGIP estimate but also to justify the formation 
compressibilty term used. In this case:
Y = [ (Gp + 5.615*Cp*Bos* Psc/MWsc)*Bg + 5.615*Wp*Bw 
- 5.615*We]/ (Pi - P)
X = [(Bg - Bgi) + 5.615*Vc*(l - 
Bg*380*ft:c/MWrc)]/(Pi - P) 
m = G
b = (G*Bgi/l - Swi)*(Cw*Sw + Cf)
Values of X and Y were calculated at each pressure point
and using a least squares analysis the slope and intercept 
of a best fit line were found. Figure 36 is a graph 
illustrating this analysis.
Strictly for further information, driving energies 
were compared to see which were more substantial. The 
energy terms are listed below.
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G (Bg - Bgi) = gas expansion
G*5.615*Vc*(1 - Bg*3 8 0* ̂ rc/MWrc) = equivalent 
condensate expansion 
(G*Bgi/l - Swi)(Cw*Sw + Cf)*(Pi - P) = rock and 
water expansion 
5.615*We = water influx energy
The expansion energies were compared to each other as a 
percent of total expansion energy. Total expansion energy 
and water influx were compared as percentages of total 
driving energy. All comparisons can be seen in Table 8.
Four cases were analyzed by the computer using 
different input parameters. These cases are:
—  fi1. Cf = 14 x 10" , We accounted for, leakage
accounted for 
—  62. Cf = 2.4 x 10" , We accounted for, leakage
accounted for
—  63. Cf = 14 x 10" , We neglected, leakage accounted
for
4. Cf - 14 x 10”^, We accounted for, leakage
neglected
Figure 35 is a plot of calculated OGIP versus
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pressure for cases 1, 2, and 3. This graph shows that 
using a formation compressibility of 14 x 10"^ gives more 
consistant results than using 2.4 x 10 . Also these
fairly consistant OGIP values indicate that water influx 
was being modeled reasonably well.
Expansion divided by the pressure drop versus
voidage divided by the pressure drop is plotted in Figure
36 for cases 1 and 4. It can be seen from this graph that
leakage was occurring during early pressure drawdown and
that the model used did a good job accounting for it. The
—  6intercept of this curve was used to calculate a 14.5 x 10" 
psi"^ formation compressibility, which justified the 
compressibility term obtained from Newman’s correlations.
Using case 1 as the most reasonable material 
balance model can be justified further. For the analysis 
when OGIP was estimated at 231 data points, case 1 had the 
lowest mean standard deviation of all cases run. Also, the 
669 BSCF OGIP estimated from the average of these values 
agreed well with the 673 BSCF value estimated from the plot 
whose intercept is the compressibility term. Because of 
the large number of original gas-in-place values calculated 
from incremental analyses, more weight was assigned to the 
OGIP value estimated from that method than the OGIP value 
obtained from the slope of the straight line plot.
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Therefore, the best material balance original gas-in-place 
estimate was approximately 670 BSCF on January 1, 1957,
FUTURE PREDICTIONS
Predictions of future reservoir performance were 
attempted using two different approaches, one of which 
failed to be of any value. In the first approach the water 
influx model arrived at in the material balance analysis 
was used to estimate when wells would water out and decline 
curves were used to predict gas production. This method 
predicted remaining reserves of 44.1 BSCF with the present 
producing wells. If well 6-B is completed in the A and B 
sands, that reserve estimate increases by 8.1 BSCF.
However, the second approach for predicting future 
performance using the pseudo steady-state flow equation 
failed. This approach will be discussed first.
FLOW EQUATION: Isochronal well tests are based on the
7equation:
Qg = C* (Pr2 - PBH2)n
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where
Qg = gas flow rate, SCF/day
2C = conversion factor, SCF/day - psi 
Pr = average reservoir pressure, psia 
PBH = bottom-hole flowing pressure, psia
2n = inverse of the slope of log Q versus log (Pr 
- PBH2 )
Combined with the material balance equation, this equation 
could be used to predict future gas production.
Since no isochronal tests were available, a 
different approach was used to estimate "C" and "n" for the 
wells which were still producing. Using surface pressures 
and gas rates from well tests, bottom-hole flowing 
pressures were estimated using the Poettman and Carpenter 
technique. Average reservoir pressure was estimated from 
the pressure versus time curve (Fig. 28). After obtaining 
these values at three or four different times for each 
well, plots were made of the gas rate versus the squared 
pressure drop on log-log paper. Figure 37 is a plot of 
well 15-A data as an example.
In no case for the five wells producing in August 
of 1981 did the points plot close to a straight line. The 
reason for this is that the conversion factor, C, contains
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such variable parameters as effective gas permeability and 
gas viscosity. Viscosity, which changes with pressure, 
could probably be accounted for. But the permeability to 
gas, which is dependent on water saturation, changes as 
water advances through the field. Without relative
permeability curves it would be impossible to predict what
the effective gas permeability would be. For this reason 
and because decline curve analysis was producing good 
results, this approach was abandoned.
DECLINE CURVE ANALYSIS: Decline curves were plotted for
the last several years in the producing life of each well. 
Figures 38 through 48 are plots for all the wells. In 
almost all cases the decline could be approximated well by 
an exponential equation. After water breakthrough, there 
was a bend in the curve after which exponential decline 
continued at a steeper rate. Decline rates, before and 
after breakthrough, were calculated and appear in Table 9. 
The average decline before water breakthrough was 0.167 per 
year. It increases an average of 68% to 0.280 per year 
after water breakthrough.
Water production was predicted after breakthrough 
from log of water-gas ratio versus cumulative gas 
production plots. The plots are shown in Figures 49
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through 54 for six of the eight wells which were affected 
by the water front. Although not perfectly straight lines, 
the trends were reasonably predictable and lines drawn 
through them were used to predict future water production. 
The incline rates of these lines, which are also listed in 
Table 9, averaged out to be 0.342 per BSCF.
Water broke through in two wells whose plots were 
withheld from this analysis. Well 3-A's water-gas ratio 
went from 2 Bbl/MMSCF to 72 Bbl/MMSCF in a very short time. 
Well 11-A had high water rates from the very beginning, but 
they increased very little as time went on. Because they 
seem to be offsetting anamolies and since both of these 
wells are shut-in, plots were not made for them.
The latest condensate-gas ratio for each well was 
held constant and was used to predict condensate produc­
tion. This was done because of the relative insignificance 
of condensate production when compared to gas production 
and because of the difficulty involved in predicting the 
condensate-gas ratio. Since the reservoir pressure was 
approaching the point that the retrograde condensate was 
beginning to revaporize, this assumption will result in 
conservative estimates of condensate production (see Figure 
32) .
In the past, five wells had been shut-in due to
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high water rates. In addition to the weight and high 
viscosity of the water increasing the bottom-hole flowing 
pressure, sand production also became a problem with 
increased water production rates. The average water-gas 
ratio when these five wells were shut-in was 106 Bbl/MMSCF. 
Rounding.off conservatively, a 100 Bbl/MMSCF water-gas 
ratio was used as the acceptable upper limit for water 
production.
In the past, only well 5-A was abandoned due to low 
gas rates. When shut-in, it was making 10 MMSCF/mo of gas 
and had a water-gas ratio of only 1.5 Bbl/MMSCF. Not 
knowing the cost per well to operate the field, 10 MMSCF/mo 
was used as the economic limit for gas production. Data 
for all six of the shut-in wells appear in Table 10.
The water influx model used for material balance 
calculations after 1977 was also used to predict future 
water influx. The water influx rate was held constant at 
4.61 MMBbl/yr. As discussed earlier, this rate should 
actually decrease as the pressure equalizes throughout the 
aquifer. Because of the low permeability barrier, the 
pressure would probably equalize slowly enough that the 
influx rate would not decrease much, even over several 
years. Not accounting for the decrease in the influx rate 
causes a conservative error in gas production forecasts
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since wells would water out faster if the water influx rate 
is higher.
From volumetries, the fraction of the total field 
water influx going into each fault block since 1977 was 
estimated. These values were multiplied by 4.61 MMBbl/yr 
and used to estimate when each fault block would water out. 
The time at which the water front would reach wells not yet 
producing water was also calculated.
FAULT BLOCKS 1, 2, AND 3: Fault Block 1, having only
well 16-A, has already watered out and contains no remain­
ing reserves. Fault Block 2 had two producers, wells 2-A 
and 3-A, which have already been shut-in because of water. 
Well 2-D, which was drilled late in 1981, was watered out 
in the B zone. Although not part of the original data, 
later reports indicated that it was completed in the A zone 
early in 1982 and was making approximately 120 MMSCF/mo 
with 4 Bbl/MMSCF of condensate and 3.4 Bbl/MMSCF of water.
At the beginning of 1982, only 60 acres were left 
uninvaded in Fault Block 2. Approximately 56% of the total 
field water influx since 1977 came into this block, meaning 
the influx rate into the block was approximately 2.59 
MMBbl/yr. Part of this influx had begun to spill over into 
Fault Block 3, which was evident because of the recent
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increase in well 4-C water production. Because well 4-C 
produces strictly from the B zone and because there will be 
no production from the B zone in Fault Block 2, it was 
assumed that all future water influx into Fault Block 2 ’s B 
zone will go into Fault Block 3.
The A zone, having approximately 27% of the total 
thickness in Fault Block 2, will be invaded at a rate of 
0.71 MMBbl/yr. At this rate, it will take approximately 
two years to flood the remaining 60 acres. From structure 
and isopach maps of the A zone (see Figures 6, 7, and 8),
the throw of the fault between blocks 2 and 3 is very close
to the gross thickness near the southern edge. The cross 
section (see Figure 11) also shows that the A zones in 
Fault Blocks 2 and 3 may be in communication. Because of 
the subjectivity involved in map construction, the maps
could be altered to show the A zones either in or not in
direct communication at the fault.
Factors that point to the zones being in communication 
are the fairly high permeabilities measured in cores taken 
from shaly sections. It is doubtful that a shaly section 
of only a few feet thick would act as a permeability 
barrier between the zones. Also, low volumetric estimates 
indicate the need to include the gas in Fault Block 3's A 
zone to get better comparisons with material balance
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original gas-in-place estimates. There is believed to be 
an 80 to 90% probability, therefore, that the zones are in 
communication. Based on this belief, it was concluded that 
once Fault Block 2's A zone watered out, water would then 
go into Fault Block 3's A zone at the same rate, filling it
in an estimated 5.9 years.
Using the reported initial production figures for 
well 2-A, the gas rate for this well is projected to 
decline at the field average rate of 0.28/yr after water
encroachment. The average water-gas ratio increase rate of
0.342/BSCF was also used to calculate future water-gas 
ratios. As the only pressure sink in the A zone, well 2-A 
will also be able to effectively drain Fault Block 3. 
Therefore, unless shut-in by water or gas-rate criteria 
before that time, production for well 2-A will be stopped 
after 7.9 years when the A zones in both fault blocks have 
watered out.
Well 4-C was the only well which produced in Fault 
Block 3. Two upstructure wells, the 9-B and the 6-B, were 
completed in deeper formations. Because these wells were 
the highest on the structure of any wells in the field and 
because both had wire-line logs which indicated promising 
reservoir potential, a prediction case was run where one 
was completed in this formation. Well 6-B was chosen
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because water is entering the fault block from the west and 
this well is farther from that fault.
Structure maps indicate approximately 100 feet of 
throw between Fault Blocks 2 and 3. Gross pay maps show 
the B zone to be approximately 50 feet thick near well 4-C 
and increasing to the south to over 100 feet. The thick­
ness becomes equal to the throw near the 14,300 foot 
contour in Fault Block 2 and the 14,200 foot contour in 
Fault Block 3. To the south of this point, the B zones are 
in direct contact at the fault. For this reason, well 4-C 
did not see the water front until 1981. Water had to 
encroach far up into Fault Block 2 before it could spill 
over and flood down-structure toward well 4-C.
Using a 50% areal sweep efficiency flooding down 
dip, approximately 113 acres had been flooded up to late 
1981. Approximately 7% of the total field water influx 
since 1977 had come into this block at an estimated rate of 
0.3 MMBbl/yr. Because the 1.9 MMBbl/yr going into Fault 
Block 2's B zone will now go into Fault Block 3, and influx 
rate of 2.2 MMBbl/yr was used for predictions. At the end 
of 7.9 years after predictions started in 1981, when all of 
the A zone has been flooded, the rate into the B will 
increase to 2.9 MMBbl/yr. At these rates the remaining 716 
unflooded acres will be watered out in a total of 10.9
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years. Water will reach the bottom of well 6-B's B zone in
9.7 years.
Since well 4-C was just beginning to see increased 
water rates in the last few months of reported production, 
it was projected that in the future its decline rate would 
increase by 68% because of the water. The field average 
water-gas ratio incline rate was also used to predict 
future water-gas ratios. Unless already shut-in due to 
water or gas rate criteria, well 4-C would be shut-in after 
10.9 years when the fault block is completely water 
invaded. Prediction criteria for well 6-B will be 
discussed later.
FAULT BLOCKS 4 AND 5: Fault Block 5 had a total of
eight wells. Four had been shut-in , one was completed in 
another formation, and three were still producing late in 
1981. All three producing wells, the 15-A, 3-B, and 4-C, 
have been affected by the water front. Gas decline rates 
and water-gas ratio incline rates appear in Table 9. The 
tabulated rates were used for future predictions.
Since 1977, approximately 37% of the total water 
influx has entered this fault block at an influx rate of
1.7 MMBbl/yr. Of the 869 acres in Fault Block 5, 
approximately 191 acres had yet to be water invaded late in
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1981. At 1.7 MMBbls/yr, these will water out in 5.5 years 
when the water is predicted to begin flowing into Fault 
Block 4 across the fault. All wells still producing in 
Fault Block 5 will be shut-in at this time.
Well 5-B was the only well drilled in Fault Block 
4. It had been shut-in because of surface problems for a 
year and a half when it was brought back on line late in 
November 1981, the latest date of available production 
data. However, it was later reported that well 5-B was 
making 150 MMSCF/mo during the first few months of 1982.
For predictions, it was assumed to have begun producing at 
that rate on January 1, 1982. After 5.5 years the 0.064/yr 
decline rate was predicted to increase 68% when water 
begins to enter the fault block from Fault Block 5. The 
water-gas ratio increase rate will also increase from zero 
to 0.342 at this time. At a rate of 1.7 MMBbls/yr, the 
fault block will be flooded out in an additional 5.3 
years. If it h a s n ’t happened already because of production 
rate limitations, well 5-B will therefore be shut-in 10.8 
years into future predictions when Fault Block 5 waters 
o u t .
WELL 6-B PREDICTION CRITERIA: The latest tests for well
4-C were used to calculate the effective gas permeability
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late in 1981 and a rate was predicted for well 6-B using
this value. Well 4-C was used because it is in the same
fault block as well 6-B.
In August, 1981, well 4-C averaged 3.68 MMSCF/day
with a 400 psia flowing tubing pressure. A bottom-hole
flowing pressure of 862 psia was estimated using the
Poettman and Carpenter technique. The following equation
approximating pseudo steady-state flow was then used to
7estimate effective gas permeability.
Qg = (Tref*0.006328*3.414*Kg*h/Pref*T*M*Z)
* [ (Pr2 - PBH2 )/(In re/rw - 0.5 + S)]
where
Qg = gas flow rate, SCF/day 
Tref = reference temperature, 520°R 
Kg = effective gas permeability, md 
h = formation thickness, ft
Pref = reference pressure, 14.7 psia
T = reservoir temperature, °R 
m = gas viscosity, cp
Z a gas deviation factor at bottom-hole pressure
Pr = average reservoir pressure, psia 
PBH = bottom-hole flowing pressure, psia
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re = drainage radius, ft 
rw = wellbore radius, ft 
S = skin factor
Using the reservoir pressure at that time of 1800 psia, 
assuming no skin factor, and having previously determined 
all other parameters, a 4,2 md effective gas permeability 
was calculated for the well.
A rate was predicted for well 6-B based on the A 
and B zones both being at the current 1800 psi reservoir 
pressure. Predicting this rate was an iterative process. 
Assuming the well would be completed in both the A and B 
zones, a 95 foot thickness was used. Assuming the well 
would drain half the distance between itself and well 4-C, 
a 2200 foot drainage radius was used. Since the earliest 
well 6-B could be completed would be late in 1982, it was 
assumed to come on at the beginning of 1983. Therefore, 
the 1600 psia average reservoir pressure estimated at that 
time was used in the flow equation (see Fig. 60). The 
iterative process involved assuming a bottom-hole pressure 
and calculating a flow rate from the pseudo steady-state 
equation. Using this rate and a 400 psia flowing tubing 
pressure, the Poettman and Carpenter technique was used to 
verify bottom-hole pressure. By trial and error, a
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stabilized pseudo steady-state flow rate of 146 MMSCF/mo 
was estimated. Since it was predicted that well 2-A will 
be making 91 MMSCF/mo in the A zone alone and well 4-C will 
be making 93 MMSCF/mo in the B zone alone on January 1, 
1983, this estimate of 146 MMSCF/mo is considered to be 
conservative. Production from well 6-B, however, will 
cause the rates in the other wells to decrease slightly.
The amount that the rates would decrease would be very 
difficult to estimate accurately. Therefore, the decreases 
were ignored, so using the low rate for well 6-B should 
give good incremental results.
Using this estimated gas rate and field averages 
for the gas decline rate, condensate-gas ratio, and initial 
water-gas ratio, predictions were made for well 6-B 
starting in 1983. The water front will reach well 6-B 
approximately 9.7 years after predictions were begun in 
1981. The water-gas ratio will begin to increase at the 
field average rate at that time. If low gas rates or high 
water rates have not yet shut the well in, production will 
be stopped 10.7 years into predictions when Fault Block 3 
completely waters out.
All of this analysis is based on the A zones in 
Fault blocks 2 and 3 being in communication and at the 
current 1800 psia reservoir pressure. As has been
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discussed, there is a slight chance that Fault Block 3's A 
zone is undepleted and at the initial reservoir pressure of 
over 11,800 psia. The zone is volumetrically estimated to 
contain 18.3 BSCF at this pressure. An incremental 
recovery analysis was performed based on reducing the 
pressure to the current average reservoir pressure of 1800 
psia and adding the resulting production to values 
predicted previously assuming the pressure was already 
depleted to 1800 psia.
FUTURE PREDICTION COMPUTER PROGRAM: All future
prediction calculations were performed with the use of a 
computer program. Input data included initial gas 
production rates, gas decline rates, condensate-gas ratios, 
water-gas ratios, and water-gas ratio incline rates for 
each well. Table 11 summarizes all input data. Adjust­
ments were made to gas decline rates and water-gas ratio 
incline rates when the water front reached production 
wells. Wells were shut-in when gas production rates fell 
below 10 MMSCF/mo or water-gas ratios increased above 100 
Bbl/MMSCF. When fault blocks watered out, wells in those 
blocks were shut-in by setting the water-gas ratios equal 
to 101 Bbl/MMSCF. September 1, 1981 was used as the 
initial time for predictions.. Even though production data
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were known through November, 1981, September was used 
because August 31, 1981 was the last available pressure 
point for material balance calculations.
The following equations were used to calculate gas 
rate, cumulative gas production, water-gas ratio, 
cumulative water production, and cumulative condensate 
production at the end of each year starting in 1981.
Qgj = *e”a
AGpj = 12* (Qgj_]_ - Qgj)/a
GpJ = GPj_i + A G P3 
WGRj =* WGRj_1 *e <A G Pj*W I R )
Wpj = W p ^ 1 + A Gp j * (WGRj + WGR^_1 )/2
Cpj = Gpj*CGR
where
Qg = gas flow rate, MMSCF/mo
j = at end of year j
a = nominal exponential decline rate, fraction/yr
A G p  = incremental gas production during year, MMSCF
Gp = cumulative gas production since the start 
of predictions, MMSCF 
WGR = water-gas ratio, Bbl/MMSCF 
WIR = water increase rate, fraction/BSCF 
Wp = cumulative water production, MBbl
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Cp =' cumulative condensate production, STB
CGR = condensate-gas ratio, STB/MMSCF
These calculations were completed for each well and summed 
to get values for the total field.
The computer program made one additional calcula­
tion to get P/z values at the end of each year. Since the 
original gas-in-place was 670.0 BSCF and a total of 601.5 
BSCF had been produced or leaked off, a total of 68.5 BSCF 
was in the reservoir at the start of predictions. A 
simplified material balance equation used this value, 
field-wide production estimates, and the water influx model 
to estimate P/z values at the end of each year. The 
equation used was:
G (Bg - Bgi) + 5.615*We =
(Gp + 5.615*Cp*380* Psc/MWsc)*Bg + 5.615*Wp*Bw
This equation neglects reservoir retrograde condensation 
and rock and water expansion. P/z values were estimated 
with the Bg value calculated from this equation. As can be 
seen in Table 8, gas expansion is providing close to 95% of 
the total expansion energy below 1800 psia. Using this 
simplified equation, therefore, causes errors of less than
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5% in calculated P/z values.
PREDICTION RESULTS: Prediction runs were made with and
without well 6-B. Tables 12 through 18 show predicted gas 
rates and cumulative gas, condensate, and water production 
for each well. Table 19 shows field-wide prediction values 
for the case where well 6-B is not completed and produced. 
Field-wide predictions with well 6-B included appear in 
Table 20. Results for both cases were plotted together to 
illustrate the incremental difference well 6-B made on 
production estimates. Figures 55 through 59 are plots of 
gas rate, cumulative gas, condensate, and water production, 
and water influx versus time, respectively. P/z is plotted 
versus gas production in Figure 60. All of these results 
are for the case where A zone is depleted to 1800 psia.
Production ended in early 1992 when all fault 
blocks watered out. Total gas production since September 
1, 1981 was predicted to be 44.1 BSCF with the present 
wells. This would draw the reservoir P/z down to 1052 
psia, or a reservoir pressure of 1005 psia. Completing 
well 6-B would provide an incremental increase of 8.1 BSCF 
for a total predicted production of 52.2 BSCF. The 
increased production because of well 6-B would draw the 
reservoir P/z down to 690 psia (a 670 psia reservoir
ER-2610 60
pressure) before the field watered out. Increases in 
recovery due to increases in field production rates at 
final blowdown of partial water drive reservoirs have been 
previously documented.^
All of xthese results are for the conservative and 
most probable case that Fault Block 3's A zone has been 
depleted to 1800 psia. If the zone is still pressured up, 
it is estimated that reducing the A zone’s pressure to 1800 
psia will result in the production of 13.66 BSCF of gas. 
This increases well 6-B's incremental production to 21.8 
BSCF. As was discussed earlier, it was predicted that well 
2-D would be able to drain gas from Fault Block 3's A zone. 
If the A zone in Fault Blocks 2 and 3 is not in 
communication, this will not happen. Because well 2-D 
could possibly be shut-in in this case when its fault block 
waters out after two years, the incremental numbers should 
be decreased by the 3.2 BSCF that well 2-D is predicted to 
produce after 1983. Therefore, the most optimistic 
incremental reserves that could be attributed to well 6-B's 
recompletion would be 18.6 BSCF.
PREDICTED RECOVERY VERSUS THEORETICAL RECOVERY: On a
basis of one cubic foot of bulk volume, theoretical 
recovery calculations were made to justify these final
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where
results. Porosity reduction due to formation compaction 
was accounted for. This analysis used the following 
equations:
Vgi = (1 - Swi) 0i/Bgi
no «• -Cf(Pi-P)02 = 0i x e
Vgr = Sgr x 02/Bgr
R = (Vgi - Vgr)/Vgi
Vgi = initial gas volume, SCF/cu ft 
Swi = initial water saturation, fraction
01 = initial porosity, fraction
Bgi = initial gas formation-volume factor, res cu 
ft/SCF
02 = final porosity, fraction
—6Cf = formation compressibility, 14 x 10 vol/ 
vol/ps i
Pi = initial pressure, psia 
P = final pressure, psia 
Vgr = residual gas volume, SCF/cu ft 
Sgr = residual gas saturation, fraction 
Bgr = final gas FVF, res cu ft/SCF 
R = recovery, fraction
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Theoretical and predicted recovery values agreed 
very well. Without well 6-B the total cumulative gas 
production of 645.6 BSCF was 96% of the OGIP, compared to a 
95% theoretical recovery calculated from the above equa­
tion. With well 6-B, a predicted cumulative gas production 
of 653.7 BSCF, or 98% of the OGIP, also agreed well with a 
97% theoretical recovery. Appendix G illustrates this 
theoretical recovery calculation. These comparisons not 
only justified the predictions made but also lent credence 
to average rock parameters, the water influx model, and the 
estimated 670 BSCF of original gas-in-place.
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TABLE 1
RESERVOIR ROCK AND FLUID PROPERTIES
Average Depth 
A r e a :
A zone 
B zone














Initial Water Saturation 
Residual Gas Saturation 
Initial Pressure (1952) 


























A ZONE B ZONE














0h ( i-S^ 
(feet
2 -A 35 33 4.9 100 65 9.9
3-A 42 29 4.2 95 93 17. 3
5-A 88 36 4.8
11 -A 6 6 .6 80 30 4.7
12 - A 41 41 5.8 121 121 20.2
t—* 1 > 20 12 1.6 126 100 13.6
15-A 37 36 4.4 120 93 12.7
16-A 108 14 2.2
17-A 22 18 2.4 116 98 16.2
3-B 76 61 9.5
4-B 26 * ★ 90 * *
5-B 51 46 7.6
6-B 35 34 5.8 65 61 11.2
7-B 15 12 1.6 92 74 11.1
9-B 38 37 6.5 82 81 15.1
4-C 52 50 7.5
2-D 30 30 5.0 64 ★ *















1 — — 577 3,126
2 840 3, 037 951 11,198
3 326 980 829 7,078
4 546 1,039 622 2,640
5 —  — —  — 869 9,012
Total 1,712 5,056 3,848 33,054
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TABLE 4 
BOTTOM-HOLE PRESSURE f DATA 

















3-58 10,145 10,019 10,090 10,096
6-59 9,821 9,810 10,015 9,781
3-60 9,823 9,774 9,733
7-61 9,557 9,514 9,483
8-62 9,461 9,434 9,198 9,441
6-63 9,315 9,274 9,198 9,281
6-64 8,982 8,991 8,981
11-64 9,080 9,047
11-65 8, 518 8,575 8,493 8,496 8,554
7-66 8,138 8,080 7,990 8,035
6-67 7, 516 7,486 7,519 7,336
9-68 6,729 6,773 6,770 6,486





TABLE 4 CONTINUED 
BOTTOM-HOLE PRESSURE DATA 
(Datum = 14,100 feet)
Date Well 15-A 16-A 3-B 4-B 5-B 4-C





































VOLUMETRIC WATER INFLUX ESTIMATES
1966 1977 1981
Fault Average Area Water Area Water . Area Water
Block Thick- Invaded Influx Invaded Influx Invaded Influx
ness (acres) (MMBbl) (acres) (MMBbl) (acres) (MMBbl)
(ft)
33 314 8.8 582 16.4 582 16.4
93 247 19.3 699 54.8 944 74.0
53 --   59 2. 6 113 5.1
72 55 3.3 470 28.4 678 41.0
Totals 616 31.5 1,810 102.2 2,317 136.5
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TABLE 6
HURST-VAN EVERDINGEN WATER INFLUX ESTIMATES
Pressure
Date (psia) Pi tn Q(t) We
(Datum= (psia) (ra/rg=1.6) (MMBbl)
14,577 ft)
1-57 10 570 — - - — —
1-58 10 280 145 1.037 0.7926 1.92
1-59 10 050 260 2.075 0.7926 5.37
1-60 9 910 185 3. 112 0.7926 7.82
1-61 9 780 135 4.15 0.7926 9.61
1-62 9 620 145 5.19 0.7926 11.5
1-63 9 480 150 6.22 0.7926 13.5
1-64 9 260 180 7. 26 0.7926 15.9
1-65 8 930 275 8.30 0.7926 19.6
1-66 8 500 380 9. 34 0.7926 24.6
1-67 7 880 525 10.4 0.7926 31.5
1-68 7 180 660 11.4 0.7926 40.3
1-69 6 690 595 12.4 0.7926 48.2
1-70 5 830 675 13.5 0.7926 57.1
1-71 4 900 895 14.5 0.7926 69.0
1-72 4 230 800 15.6 0.7926 79.6
1-73 3 750 575 16.6 0.7926 87.2
1-74 3 320 455 17.6 0.7926 93.2
1-75 2 920 415 18.7 0.7926 98.7
1-76 2 560 380 19.7 0.7926 103.3
1-77 2 290 315 20.7 0.7926 107.9
1-78 2 070 245 21.8 0.7926 111.2
1-79 1 880 205 22.8 0.7926 113.9
1-80 1 850 120 23.9 0.7926 115.5





* Numbers in parentheses are based on a 4.61 




COMPARISON OF WATER INFLUX ESTIMATES
Volumetr ic 






1977 102.2 107. 9
1981 136.5 115.8 (126.4)*
* Number in parenthesis is based on a 4.61 MMBbl/yr








% Ga s 
Expansion
% Condensate % Rock 








10,44 7 60.8 4.3 3 4.8 70. 3 29.7
10,302 65.0 1.5 33.5 76.9 23.1
10,113 65.5 1.4 33.0 72.4 27.6
9,928 66.4 1.3 32.3 62.2 37. 8
9,804 67.2 1.3 31.5 61.8 38.2
9,551 68.1 1.4 30.5 63.4 3 6.6
9,466 68.5 1.4 30.1 61.8 38.2
9,318 68.7 1.3 29.9 62.6 37.4
9,043 69.2 1.4 29.4 62.9 37.1
8,875 69.8 1.4 28.7 64.5 35.5
8,560 70.8 1.5 27.7 64.4 35.6
8,083 72.1 1.7 26.2 67.1 32.9
7,464 73.5 1.8 24.6 68.3 31.7
6,741 75.9 1.8 22.4 69. 5 30.5
6,102 77.9 1.6 20.5 71.2 28.8
5,100 81.4 1.3 17.3 74.4 25.6
4,329 84.3 1.0 14.7 77.2 22.8
3,742 86.7 0.7 12.6 79.4 20.6
2,505 91.7 0.2 8.1 85.6 14.4
1,868 94.2 -0.0 5.8 88.8 11.2


















2-A 0.0786 0.302 0.1681
3-A 0.1155 0. 527 ---
5-A 0.5629 --- ---
11 -A --- 0.2299 ---
14 -A 0.1450 0.1915 0.9867
15-A 0.1183 0.2203 0.0916
16 - A --- 0.1854 0.0410
3-B 0.2584 0.4997 0.6385
4-B 0.0834 0.0834 0.1243
5-B 0.0644 ---
4-C 0.0775 ---




Date Gas Rate WGR
Well Shut-In (MMSCF/mo) (Bbl/MMSCF)
11-A 7-70 180 22
5-A 1-72 10 1.5
16-A 8-72 200 168
2-A 3-78 135 61.5
3-A 1-79 45 72.5
14 -A 9-81 30 ' 204
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TABLE 11 





15-A 135 0.2203 12.5 0.0916 4.5
3 -B 43 0.4997 30.0 0.6385 7.2
4-B 260 0.0834 9.4 0.1243 2.8
5 -B 150 (1982) 0.0644 4.1 0 5.7
4 -C 111 0.1298 5.0 0.3417 5.6
2 -D 120 (1982) 0.280 3.4 0.3417 4.0
6-B 146 (1983) 0.1671 2.0 0 5.6
Nominal
Well Initial Gas Decline Initial WGR WGR






























1981 125.4 13.1 520 2.2 6.7
1982 100.6 14.8 1,870 7.9 25.5
1983 80.7 16.4 2,960 12.4 42.5
1984 64.8 17.8 3,830 16.1 57.3
1985 52.0 18.9 4,520 19.0 70.1
1986 41.7 101.0 5,080 21.3 81.0
1987 0 101.0 5,080 21.3 81.0
ER-2610 78
TABLE 13
WELL 3-B FUTURE PREDICTIONS
Year
End






















1981 36.4 33.2 160 1.1 5.0
1982 22.1 41. 3 500 3.6 17. 8
1983 13.4 47.2 710 5.1 27.1
1984 8.1 51.2 840 6.0 33.3
1985 0 51.2 840 6.0 33.3
ER-2610 79
TABLE 14

























1981 253 10.7 1,030 2.9 10.3
1982 233 15. 3 3. 940 11.0 48.2
1983 214 21.4 6,620 18.5 97. 3
1984 197 29.1 9,080 25.4 160
1985 181 38.5 11,350 31.8 236
1986 167 101.0 13,430 37.6 328
1987 0 101.0 13,430 37.6 328
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TABLE 15
WELL 5-B FUTURE PREDICTIONS




















1981 150 4.1 0 0 0
1982 141 4.1 1,740 9.9 7.1
1983 132 4.1 3,380 19.3 13.8
1984 124 4.1 4,910 28.0 20.1
1985 116 4.1 6,350 36.2 26.0
1986 109 4.1 7,700 43.9 31.5
1987 98 6.3 8,930 50.9 38.0
1988 88 9.1 10,040 57.2 46.5
1989 79 12.9 11,040 62.9 57.5
1990 71 17.4 11,930 68.0 71.0
1991 63 101.0 12,740 72.6 87.2
1992 0 101.0 12,740 72.6 87.2
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TABLE 16

























1981 106 5.8 440 2.4 2.3
1982 93 8.7 1,630 9.1 11.0
1983 82 12.5 2, 680 15.0 22.2
1984 72 17.1 3,600 20.2 35.9
1985 63 22. 6 4, 420 24.7 52.0
1986 55 28.8 5,130 28.7 70.3
1987 49 35.7 5, 750 32.2 90.4
1988 43 43.1 6,300 35.5 112.0
1989 38 50. 8 6,780 38.0 134.7
1990 33 58.7 7,210 40.4 157.8
1991 29 101.0 7, 580 40.4 181.1
1992 0 101.0 7,580 40.4 181.1
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TABLE 17

























1981 120 3.4 0 0 0
1982 91 5.2 1, 260 5.0 5.4
1983 69 7.2 2, 210 8.8 11.3
1984 52 9.2 2, 920 11.7 17.2
1985 39 11.1 3,470 13.8 22.7
1986 30 12.8 3, 880 15. 5 27.6
1987 22 14.2 4,180 16.7 31.8
1988 17 101.0 4,420 17. 7 35.3
1989 0 101.0 4,420 17.7 35.3
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TABLE 18

























1981 0 0 0 0 0
1982 146 2.0 0 0 0
1983 124 2.0 1,610 9.1 3.2
1984 105 2.0 2,980 16.7 6.0
1985 88 2.0 4,130 23.1 8.3
1986 75 2.0 5,110 28.6 10.2
1987 63 2.0 5,940 33.3 11.9
1988 54 2.0 6, 640 37. 2 13.3
1989 45 2.0 7,230 40.5 14.5
1990 38 2.0 7,730 43.3 15. 5
1991 29 101.0 8,130 45.5 16.3
1992 0 101.0 8,130 45.5 16.3
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TABLE 19






























1981 671 2.1 8.6 24.3 1.5 1, 885
1982 680 10.9 46.6 115.1 6.2 1,692
1983 591 18.5 79.1 214.2 10.8 1, 521
1984 517 25.2 107.4 323.3 15.4 1,368
1985 451 30.9 131.6 440.2 20.0 1,231
1986 402 36.0 153.1 572.0 24.6 1,105
1987 169 38.2 164.8 602.8 29.2 1,077
1988 147 40.1 175.2 636.4 33.8 1,057
1989 116 41.6 183.6 670.0 38.4 1,052
1990 104 42.9 191.0 706.7 43.0 1,053
1991 92 44.1 197. 7 746.2 47.6 1,060
1992 0 44.1 197.7 746.2 52.2 1,126
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TABLE 20






























1981 671 2.1 8.6 24 1.5 1,885
1982 826 10.9 46.6 115 6.2 1,692
1983 714 20.2 88.2 217 10.8 1,471
1984 622 28.2 124.1 329 15.4 1,271
1985 540 35.1 154. 7 448 20.0 1,092
1986 477 41.2 181.7 582 24.6 925
1987 232 44.2 198.1 614 29.2 858
1988 201 46.7 212.4 650 33.8 799
1989 162 48.8 224.0 684 38.4 756
1990 142 50.6 234.3 722 43.0 720
1991 121 52.2 243.2 763 47.6 690






















































































































































































































Figure 12B: Well 17-A Neutron-Density Log
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oo Bottom-Hole Well Pressures vs Time oCM—, eP








Different symbols are for different 
individual well bottom-hole 
pressures (see Table 4).
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Gas Deviation Factor vs Pressurein




Pressure, P/z vs Gas Production
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Figure 32
Reservoir Condensate Volume vs Pressure
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Figure 33
Water Forma tion-Volume Factor vs Pressureo
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Water Influx vs Timein-,
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Well 15-A; Qg vs Delta (P^)
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Well 2-A? WGR vs Gas Production
o-
WIR = 0,1681/B5CF




Well 14-A? WGR vs Gas Production
0.9867/BSCFWIR
o-













Well 15—A; WGR vs Gas Production


























Well 3-B; WGR vs Gas Production
0.6385/BSCF
















































o-olO- without Well 6-B



























© Predicted P/z vs Cumulative Gas Production
without Well 6-B
o-
with Well 6-B x S*





SAMPLE VOLUMETRIC WATER INFLUX ESTIMATE
Fault Block 2:
1.) Calculate average thickness:
a.) A zone
area = 839.8 ac
Vb = 3037.4/0.21*(1-0.23) = 18800 
ac-f t
Ha = 18800/839.8 = 22.4 ft
Heff = 22.4*839.8/950.6 = 19.8 ft
b.) B zone
area = 950.6 ac
Vb = 11198/0.21* (1-0.23) = 69300 
ac-f t
Hb = 69300/950.6 = 72.9 ft
Htotal = 72.9 + 19.8 = 92.7 ft
Where
Ha = average A zone thickness 
Heff = effective A zone thickness 
Hb = average B zone thickness 
Htotal = total effective thickness
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2.) Calculate water influx; 1957 through 1977.
Water front moved from 14577 to 14300 contour.









MATERIAL BALANCE COMPUTER PROGRAM
Flow Diagram:
1.) Read input data.
2.) Do for 21 pressure points:
a.) calculate gas expansion factor
b.) calculate condensate expansion factor
c.) calculate rock and water expansion 
factor
d.) sum to get total expansion factor = Xj
e.) calculate total voidage = Yj
f.) estimate OGIP = Yj/Xj
g.) Do for pressure points 1 through j-1:
aa.) subtract X value from Xj = XX 
bb.) subtract Y value from Yj * YY 
cc.) estimate OGIP = YY/XX
3.) Do for 21 pressure points:
a.) calculate gas expansion factor
b.) calculate condensate expansion factor
c.) sum and divide by Pi - Pk = xk
d.) divide total voidage by Pi - Pk = Yk
4.) Perform least squares analysis on Xk vs Yk
p l o t .
a.) slope = OGIP
b.) intercept = OGIP times the Cw and Cf
term
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f W f  51 !?!=« i? J JSHSi iSSJ * H f  ? IS* ! « '
C M A T E R I A L  B A L A N C E  P R O G R A M  FOR R E T R O G R A D E  C O N D E N S A T E  R E S E R V OCC THE P R O G R A M  F I N D S  TH E  S L O P E  OF E X P A N S I O N  VS. V O I D A G E  P L O T SC U S I N C  A L E A S T  S Q U A R E S  A N A L Y S I SCC REA D INPUT DA T An
P I = 1 0 4 8 0 . 0  P O R = .212 S W = . 204 B C I = . 0 0 2 7 4 6  CW=. 0 0 0 0 0 3 4 5  C F = . 0 0 0 0 1 4 0  D E N R C = 4 8 . 3  X M W R C = 17 8.3 D E N S C =  4 9• 5 X M W S C = 1 5 7  #7 B O S E P = 1 . 0 8 0 7
DO 100 K = I* 2 3 R E A D ( 1 , 1 0 G 1 ) P ( K )R E A D ( 2 / 1 0 0 1 l B u ( K )P.E AD(3/1001 )VC(K )R E A D ( 7 / 1 0 0 1 ) C P ( K )RE A D ( 8 / 1 0 0 1 )  X N P ( K )R E A D C 9 . l O C i ) W P ( K )R E A D ( 1 0 / 1 0 0 1 ) B W ( K )R E A D ( H / 1 0 0 1  )WE(K)C AP P L Y  C O R R E C T I O N S  TO I N I T I A L I Z E  T I M E  AT JAN. 1957 V C ( K ) = V C ( K ) * 1 . 0 5 8 3  G P ( K ) = G P ( K ) - 3 . 0 1 2 4  I F < K . G T . 4 ) G P p ^  = G P ( K ) M . 4 0 1 2W P (K) = W P ( K ) ___IOC X N P ( K ) = X N P ( K > - 5 1 . 4 3G P ( 3 )  = G P ( 3 M . 0 1 7 1  C P ( 4 ) = G P ( 4 ) * 4 . 1 0 6 2  1001 F O R M A T ( I F )cC C A L C U L A T E  TH E E X P A N S I O N  SIDE AND V O I D A G E  SIDE OF MBE C AT E A C H  P R E S S U R E  P O I N TC W R I T E ( 6 , 9 9 9 )DO 200 K = 3 , 2 3V O I D C K ) = ( G P ( K ) * 1 0 0 0 0 0 0 . + 5 . 6 1 5 * X N P ( K ) * B O S E P * 3 8 0 . 0 *DEN 1 X M W S C ) * 8 C ( K ) * W P ( K ) * & W ( K ) * 5 . 6 1 5 - W E ( K ) * 5 . 6 1 5
P V O I D ( K )  = V O I D ( K ) / ( P I - P ( K  ))
P E X P ( K ) = ( B G ( K > - B G l * V C ( K > * < 5 . 6 1 5 / 1 0 0 0 0 0 0 . 0 ) * ( 1 . C - 13 8 0 . 0 * B G C K ) * D E N R C / X M W R C ) ) / ( P I - P (K >)cC W R I T E  S E P A R A T E  E X P A N S I O N  T E R M S  FOR D I F F E R E N T  E N E R G I E SC AND FI N D P E R C E N T  OF T O T A LG A S E X P = 3 G ( K ) - B G IC O N E X P  = V C ( K ) * (5. 6 1 5 / 1 0 0 0 0 0 0  . ) *(1 .-380 .* B G (K ) * D E N R C / X  R W E X P = ( B C I / ( l . - S W ) ) * ( C W * S i » * C F ) * ( P I - P ( K ) )XE X P( K  ) = G A S l XP + C O N E X P * R W E X P
ER-2 610 152
P R C C A S = G A S E X P * 1 Q 0 . / X E X P ( K )r R C C 0 N = C O N E X P * 1 0 O . / X £ X P ( K )P R C R W = R W E X P * I O C . / X E X P ( K )E N E R G Y = X E X P ( K ) * 6 7 5 0 0 0 0 0 0  .♦WE(K') *5.615  P R C W E = W E m * 5 . 6 1 5 * 1 0 0 . / E N E RG Y P R C E X P = X E X P ( K ) * 6 7  5 0 0 0 0 0 0 .*10 0 . / E N ER G Y  W R I T E ( 6 / 1 0 0 0 ) P R C G A 5 d F R C C D N ^ P R C R W , P R C E X P , P R C W E  999 F O R M A T C l X , ' *  GAS E X P '/ 2X, 'iCOND E X P ' , 2 X , ' *  RLW EXP'1'% EXP E N G Y ' , 2 X , ' i  WE ENGY')10 00 F O R H A T ( 2 X / F 5 . 1 / 5 a / F 6 « 1 / 4 X / F 5 . 1 / 1 0 X / F 5 . 1 / 7 X / F 5 « 1 )
200 C O N T I N U ECC G E N E R A T E  M O R E  P O I N T S  AND F I N D  THE A V E R A G E  S L U P E OF THE LI C W H I C H  G O E S  T H R O U G H  "0" FOR A EXP VS VOID PLOTC S U M Y ^ O .SUM X =Q .W R I T E ? 6 / 1 002)W R I T E ( 6 , 1 0 0 3 )1002 F O R V A T C l X / ' E X P  A N D  VO I D V A R I A B L E S  FOR PLOT W/ M = G100 3 F O R K A T ( / / , l X / 2 6 X / ' V O I D ' , 1 3 X / ' E X P ' / 5 X / 'OGIP')
DO 400 J = 3 , 2 3  S U M Y = S U H Y * V O I D ( J )S U M X = S U M X * X E X P ( J )OG = V O I D ( J  ) / ( X E X P (J) *100 0000 .)W R I T E ? 6 / 1 0 0 4 ) J , V 0 I U ( J ) , X F X P ( J ) , C C1004 F O R M A T  (//^lX, 'FROM PI TO PP ft ' , 1 X , I 2 , 4 X, F 1 0 .0 , 2 X / F I F ( J . E Q . 3 ) G O  TU 400C DO 300 K = 3 / J - l  D V O I D = V O I D ( J ) - V O I D ( K )D E L E X P = X E X P ( J ) - X E X P ( K )OG = DVO I D / ( D E L E X P * 1 0 0 0 0 0 0  .)S U M Y = S U M Y * D V O I DS U M X = S U M X + D E L E X PW R I T E ( 6 / 1 0 0 5 ) K fJ / D V O I D E D E L F X P / O C1005 F O R M A T ( / / 3 X ,  ' P P # ' / 1 X / I 2 , 2 X / ' T O  PP ft', 1 X , I 2 , 4 X ,F 10.0l / i i o . u / 2 X / r i o . 3 )300 C O N T I N U E400 C O N T I N U ECC O G I P  = A V E R A G E  S L O P EG C I P = S U M Y / ( S U M X * 1 0 0 0 0 0 0 . )W R I T E U / l O O e j O C I P1006 F 0 R M A T ( / / / 1 X / ' A V E R A G E  SLOPE E Q U A L S  O G I P  = ' , 2 X , 1 F )CC C A L C U L A T E  S T A N D A R D  D E V I A T I O NC COIINT=0 •SUM= 0•DO 450 J= 3/23O G = V O I D ( J  )/(X E X P ( J > * 1 0 0 0 0 0 0 . )S U M = S U M * ( G G - O G I P ) * * 2 .C 0 U N T = C 0 U N T + 1  •I F (J •E Q •3 )GO TO 450 DO 420 K = 3 . J - 1  C O U N T = C O U N T *1.D V 0 I D = V 0 1 D ( J ) - V 0 I D ( X )
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D E L E X P  = X E X P ( J ) - X E X P ( K )o g = d v o i d / ( d e l e x p * i c o o o 6 o .)4 20 S U H = S U M * ( O C - O G I P ) * * 2 .450 C O N T I N U EC S = ( S U M * * . 5 ) / C O U N Tp e r c t s =s * i 6 o ./ u g i pW R I T E ( 6 , 1 0 3 0 ) S / P £ R C T S  10 20 F O R M A T ( / / / I X , ' S T A N D A R D  D E V I A T I O N  U F ' / 1 X / F 1 0 , 4 , l X / ' E1 / 1 X , F 5 . 2 , 1 X , '% OF O G I P ' )nwr
C PRI N T  P R E S S U R E  AND E S T I M A T E D  OCI P AT E A C H  P R E S S U R E  P O I N T  
W R I T E ( 6,1030)1030 F O R M A T C / / # 1 X # ' P R E S S U R E ' , 3 X , ' E X P  A N S I O N ' , 4 X , ' V O I D A G E '  DO 475 J = 3 , 2 3O G I P = V O I D ( J ) / ( X E X P ( J ) *10 0 0 0 0 0 . )47 5 W R I T E ( 6 < 1 0 3 1 ) P ( J ) / X E X P ( J ) / V O I D ( J ) , O G I P
1031 FORMAT<5x,F7.0,2X,F10.8,2X,F10.0,2X,F10.3)1032 F O R M  A T (2 G ;
CC P R I N T  P/2 * CW & CR TERM VS, GAS P R O D U C T I O N  
W R I T E ( 6 , 1 0 4 G )10 40 F O R M A T ( / / # I X # ' P R E S S U R E ' ,  4 X , ' P / Z ' , 3 X , ' ( P / Z ) * C W & C R  ',4DO 490 J = 3 , 2 3 P Z = 2 0 . 0 7 1 2 / B C ( J )P Z C = P 2 * < 1 . - ( C F + C W * S W ) * ( P I - P ( J ) ) / ( l . - S W ) )4 80 W R I T E ! 6 , 1 0 4 1 ) P ( J ) , P Z , P Z C , G P ( J )1041 F O R M A T ( 2 X / F 7 . 0 , 2 X , F 7 . 1 , 3 X , F 8 . 2 , 2 X , F 8 .2)CCC DO LEAST S Q U A R E S  A N A L Y S I S  TO FIND S L O P E  AND I N T E R C E P T  OF C W H E R E  THE I N T E R C E P T  IS EQUAL TO THE C O M P R E S S I B I L I T YC W R I T E ( 6,1 007)10 0 7 F O R M A T ( / / / / , I X # ' X  AND Y V A R I A B L E S  OF PLO T W H E R E  INT1 AN D  CW TERM')W R I T E ! 6 , 1 008)100 8 F O R M A T ( / / , 5 X , 'X ',15 X,'Y')S U M X = 0 .S U M Y = 0 .S U M X Y = 0 •S U M Y Y = 0 .r*
DO 500 J=3# 23W R I T E ! 6 , 1 0 0 9 ) P E X P ( J ) , P V O I D ! J )1009 F O R M A T ( / # i X , F 1 5 . 1 3 , 3 X , F 1 0.2)S U M X = S U K X * P E X P ( J )SU M Y = S U M Y * P V O I D (  J)S U M X Y = S U K X Y * P V O l D ( J ) * P E X ? ( J )S U M Y Y = S U M Y Y * P V O I D ( J ) * * 2 . 0  50C C O N T I N U EC SLO P E = ( 2 1 . * S U M Y Y - S U M Y * * 2 . ) / ( 2 1 . * S U M X Y - S U M X * S U M Y ) B = ( S U M Y - S L O P E * S U H X ) / 2 1 .O G I P = S L O P E / 10 0 0 0 0 0 •W R I T E C 6 , 1 0 1 0 ) 0 GIP
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APPENDIX C 
SAMPLE MATERIAL BALANCE CALCULATION
Calculations done at pressure point 5, March, 1960.
1.) Input data at pressure point:
p ss 9804 psia
Bg = 0.002821
vc s 0.37 Bbl/MMscf
Gp = 3 8.04 + 4.4 =
Cp = 696.98 MSTB
Wp = 94.65 MBbl
Bw = 1.036
We = 8.3 MMBbl
2.) Calculate expansion factor, X j :
gas = 0.002821 - 0.002746 = 75.0*10”6 
cond = 5.615*0.37*10~6* (1-0.002821*380*48. 3/
178.3) = 1.47*10“6 
rock and water = (0.002746/1-0.205)*(3.45*0.205 + 14)
*(10480-9804)*10“6 = 34.3*10“6 
total = 110.77*10-6 res cu ft/SCF
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3.) Calculate total voidage, Yj:
Yj = (42.44 + 5.615*696.98*10”6*1.0807*380* 
49.5/157.7)*0.002821 + 5.615*94.65* 
10*"6*1 . 036 - 5. 615*8. 3*10“3 = 0.075095 
MMM res cu ft
4.) Estimate OGIP at pressure point:
OGIP = 0.075095/110.77*10” 6 = 678 BSCF
5.) Estimate OGIP from incremental analysis between 
pressure points 4 and 5:
X4 = 88.91*10"6
Y 4 = 0. 059775
X5 - X4 = 110.77 - 88.91 = 21.86*10-6
(Y5 - Y 4) = 0. 075095 - 0. 059775 = 0. 015320




Calculate leakage to pressure point 4, June, 1959.
1.) Input data at pressure point:
p = 9928 psia
Bg = 0.002805
Vc = 0.296
Gp = 29.15 BSCF
Cp = 537 MSTB
Wp = 71 MBbl
Bw = 1.036
We 6.5 MMBbl
2.) Assuming OGIP = 670 BSCF, calculate the leakage 
from the material balance equation: 
expansion - voidage
expansion = 670* [ (0.002805 - 0. 002746) +
5.615*.296*10~6* (1 - 0.002805* 
380*48.3/178.3) + (0.002746/1-
0. 205)* (3.45*0.205 + 14)*10-6* 
(10480 - 9928)= 59.11 MM res cu
voidage = (29150 + L + 5.615*0.53705*
1.0 807*3 80*4 9.5/157.7)*0.002 80 5 
+ 5.615*0.07104*1.036-5.615*6.5 
= 0. 002 805*L + 46.77




FUTURE PREDICTIONS COMPUTER PROGRAM
Flow Diagram:
1.) Initialize input data for each well.
2.) Do for each year until field waters out:
a.) Do for each well:
aa.) if initial gas rate < 10 
MMSCF/mo, go to next well 
bb.) if initial WGR > 100 Bbl/ 
MMSCF, go to next well 
cc.) calculate gas rate at year end 
d d .) calculate gas production 
during year 
e e .) calculate cumulative gas 
production since start of 
pred ictions 
ff.) calculate water gas ratio at 
year end 
g g .) calculate cumulative water 
production 
h h .) calculate cumulative oil 
production
b.) sum values for total field
c.) calculate water influx at year end

















D I M E N S1 P Z < 2 01 Q G 3 B1 Q G 4 B1 Q C 5 91 Q G 4 C1GC681 U G 2 D
i O j / W^ R a B c S & j / G P a s o c j / X N P j B o o i / Wp a H f  2 0 ) /  2 0 ) r W G H 4 B ( 2 0 ) / G P 4 B ( 2 0 ) ^ X N P 4 b ( 2 C ) ^ l « P 4 B ( 2 0 ) ,
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,GP 4B ,GP5B 1 / GP4C '/GF6B ,GP2D
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2020
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202020
0
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P R O G R A M  C A L C U L A T E S  P R O D U C T I O N  FUR E X P O N E N T I A L  D E C L I N E A GAS F I E L D A S S U M I N G
INP UT D AT A
P 1 = 1 B O O . BG I = .C 10438 O G I P = 6 7 6 0 0 .
WEL L 1 5 - A DATA
Q G I 1 5 A = 1 3 5 .  D 1 5 A = . 2203 W G k I 15 = 12 *5 U G R 1 5 A = 4 . 2  W D 1 5 A = .0916
W E L L  3-B D A T A
Q G I 3 B = 4 3 .  D 3 B = . 4 9 9 7  W G R I 3 B  = 30 • W D 3 B = * 6 3 6 5  OG R 3 B = 7 •2
W EL L 4-B D A T A
Q G I 4 B =  260• D4 B = •0 834 W G R I 4 3 = 9 . 4  WD4 B = •12430GP.43 = 2.8
W E L L  5-B D A T A
QG I 5 B = 0 •D5 B = •0 644 W G R I 5 B  = 4 • 1 OG R5 P = 5 .7 W D 5 B = 0 •00
W E L L  4 - C  D A T A
Q G I 4 C = i l l .  D 4 C = .1298 W G R I 4 C = 5 • W D 4 C = . 3417 Q G R 4 C = 5 •6
















U G I 2 D = 0 • D 2 D = .28 W G R I 2 D “ 3*4 W D 2 D s . 3 4 1 7  0 G R 2 D = 4 .
W E L L  6-B D A T A
Q G I 6 B = 0 .  D6B= ♦ 1671 W G P I 6 B = 2 • WD6fa=0• 0 G R 6 B = 5 •6
C A L C U L A T E  GAS# OIL, AND W A T E R  P R G C U C T I Q N  AND P/ 2  AT THE END Of  1931
T £ l ^ = * 333 330W E L L  1 5 - AC A L L  R A T E ( ( J G I 1 5 A / D 1 5 A / T ( 1 ) / W G R I 1 5 / W D 1 5 A ^ G G R 1 5 A #  l p P / Q P ^ O P / Q G l S A C l ^ W G P l S  A(1 ) , C P 1 5 A < 1 ) / X N P  15 A (1),W 1 W C R I 1 5 )
WE L L 3— BC A L L  R A T E ( Q G T 3 B . D 3 8 y T ( l ) / W C R I 3 B / W D 3 B , O C R 3 3 <
iSg6i36)P/QG P3B(
K E L L  4-BC A L L  R A T E ( Q G I 4 B y D 4 B y T ( l ) # K G R I 4 B / W D 4 E y O G R 4 B y
i h g ^ iP5 ) P/QG4B VP43(
KEL L 5- BC A L L  R A T E C G C I S B . D S B / T f D / W G R I S B / W D S B / O G R S B /
i 3 g 6 i5§)P/QG5B WP5B(
K E L L  4-CC A L L  R A T E ( a G I 4 C , D 4 C ,  r(l),WG R I 4 C , ' . D4 C ,0 G R 4 C y  
1 K G ^ I 4  6 ) P / Q C 4 C  * 1)/4P4C(
KEL L 2-DC A L L  R A T E ( Q G l 2 D y 0 2 L / T ( l ) y K C R I 2 D y K D 2 D y 0 G R 2 D y
ikg6 i2 6 )P/QG
K E L L  6-BC A L L  R A T E ( Q G I 6 B / D 6 B / T ( l ) y K G R l 6 B » K D 6 B / 0 G R 6 B r  
1 K G & I 6 6 ) P / Q G 6 B  1 ; / KP 6 B (
K E L L S  2 - D  A N D  5 - B  C OM E ON AT END OF 1981 Q G 5 B ( 1 ) = 1 50.Q G 2 D ( 1 ) = 1 20.
ER-2610 160
C
C SUM VALUES FOR TOTAL FIELD PRODUCTION
Q C( l)  = Q G 1 5 A ( n * Q G 3 9 m * Q G 4 B ( l  ) * Q G 5 B ( 1  ) * Q G4C( 1)OP ( 1J = GP15A( 1 W C P 3 B < 1  W G P 4 R < 1  ) 4 G P 5 B ( 1 j * G P 4 C ( 1 5 X N P ( 1 ) = X N P 1 5 A ( 1 ) * X N P 3 B ( 1 ) ^ X N P 4 B ( 1 ) ♦ X N P 5 B ( 1 ) * X N P 4 C  W P ( 1 ) = W P 1 5 A ( 1 ) * W P 3  3 ( 1 ) * W P 4 B { 1 ) * W P 5 B ( 1  ) * W P 4 C < 1)
C C A L C U L A T E  P/ Z  AT END  OF 1981
1 )=4 • 6 1 * T (1)- ^ 1  ) = ( U G I P * A c i * W ?  ( I ) * 5 * 615*1 . 0 5 7 /IOC 0000.
Uiooo§ô G)(1 ̂ XNP 8 *5 *61P Z ( l ) = 2 0 . 6 7 l 2 / 3 G ( l )
c * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * * * * * * * * * * *
cC C A L C U L A T E  GAS* OIL/ AND W A T E R  P R O D U C T I O N  AND P/Z AT THE C EN D  OF EACH YEAR FUR 15 Y E A R S
C
c X T < 1 ^ 2 .DO 100 1=2/15 OP = l.T(I)=T( l-l)♦1•XT(I) = XT(1-1)♦1•CC SET PRODUCTION TIVS LIMITS TO STOP PRODUCTION WHEN FAUL C BLOCKS WATER OUTC
IF(T(I).GT.7.92)WCR2D(I-1)=1C1.
IF(T(I).GT.5.5)30,50 30 WGP15A(I-l)=10l.WGR38?1-15=101.WGR48(I-l)=iCi.053= *1079 WD5B=.3417 50 CONTINUEC
IF <T(I ).CT.9.67)60/70 60 D6E= • 2 800WD6B=.3417 70 CONTINUEC
IF(T(I).GT.1C.35)75,30 75 WGk4l ( 1-15 = 101 •WCk6B(I-l)=101.80 CONTINUEC IF(T(I).GT.10.76)'WGR5B(I-1 ) = 1 U  .
C WELL 15-A ^CALL RATE{QG15A(I-1 1GP15A 1GP15ACC WELL 3-9
J C )>D15A*OP*WGP15A(I-l)/WD15A/0 (I“,i)/XNP15A(I*l)/W?15A(I-l)-QG15A(I)/WGKl CI)/XNP15A(I),WP15A(I),WGRI1§)
CALL RATE<GG3B(I-1)/D3E*QP/WGR39(r-1),WD3R*OCR3B 1G P3 3(1-1 ),XNP3BCI-1)/WP33(I-1)/UG3B(1)/WGr3R(I)
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l G P 3 B ( n , X N P 3 B ( I ) , H P 3 B ( I ) , W C R I 3 R )  
C HEL L 4- B
CC H E L L  5-B
CC HELL 4-CC A L L  ftATE(QG4C(I- 1 C P 4 C C 1-1 1 GP4 C( I )CC H E L L  2-D
C A L L  R A T E ( Q G 4 B ( I - l ) f D 4 B / 0 P , W G R 4 B ( I - l ) / H D 4 3 , 0 G P . 4 B / 1 C P 4 F U 1 - 1 ) , X N P 4 b ( I - l ) , W P 4 b ( I - l ) , Q G 4 8 ( I ) , H G R 4 b ( I ) /  l G P 4 B ( I ) / X H P 4 B ( I ) / H P 4 B ( I ) y H G R I 4 B )
C A L L  R A T E ( U G 5 B ( I - 1 )# D 5 B # O P , H G R 5 B ( 1 - 1 ) , H D 5 e / 0 G R 5 B , 1 G P 5 B ( I - 1 ) « X N P 5 B ( 1 - 1 ) . » p r 3 ( l - l ) - 3 G 5 3 ( I ) / H G k 5 B ( I ) ,  l G P 5 B ( I ) / X f j P 5 B ( I ) , H P 5 § ( I ) , H G P I 5 6 )
E ( Q - 1 ) # D 4 C , C P , H G R 4 C ( I - 1  ) , * D 4 C , Q G R 4 C ,
C A L L  R ATE(vjG2D(I-l ) / D 2 D / O P , W G R 2 D (  1-1 ) # W P 2 D / O G P 2 P /  1GF2D( I-1),XN’P2D( 1-1)/ >P2D( 1-1 > , Q G 2 D ( I  ) , W G k 2 0 ( I ) /  1 G P 2 D ( I ) , X & P 2 D ( I ) , » P 2 6 ( 1 ) , W C R I 2 6 )  cC WELL 6-B CC A S S U M E  W E L L  C O M E S  ON P R O D U C T I O N  IN JAN. OF 19R3C A L L  RATE(QC,6fc(I-l ) , D 6 b , 0 P ,  WCR6 3< 1-1 )/Wl>6B, OGR6 3, 1GP6BF i - i ) , x N P 6 3 ( i - i ) , w P 6 a ( i - i ) , Q G 6 3 ( i ) / * G K 6 B ( i ) ,  l G P 6 f l ( I ) { X N F 6 B ( l ) / W P 5 b ( I ) / * G R I o B )Q G 6 3 (2 ) = 146.CC SU M  V A L U E S  F O R  T O T A L  F I E L D  P R O D U C T I O N  C Q G ( I ]  = QGI 5A< I ) * Q G 3 B ( I  )*QC43( I )♦Q C 5 B ( I )+ Q G 4 C ( I ) 1 * Q G 2 D (  I ) * J G 6 B ( I )G P (I ) = G P 1 5 A ( I ) * G P 3 B ( I ) * G P 4 a ( T ) * G P 5 B ( I ) * C P 4 C ( I ) 1 * G P 2 D <  I)+ G P 6B ( I )X N P ( I ) = X N P 1 5 A ( I ) * X N P 3 B ( I ) ♦ XN P4 6 ( I ) ♦ XN F5 B ( I)* XNP4C( l * X N P 2 D ( n * X N P 6 B ( I  ) >*«P4B( I )*WP5B( I ) * W P 4 C ( I )1* * P 2 D ( I ) ♦ W P 6 B ( I )CC C A L C U L A T E  P/Z
W E ( I ) = 4 . 6 1 * T ( I )B G i I ) = ( O G  IP *BCI«-W?(I)*5. 615*1.057/1000000.-WE(I)* 
l/(QGIP-(GP(I)+XNP(I)*1.0aCS*5.615*380M9.5/(157. 
1*1 0 0 0 0 0 0.)))PZ(I)=20.0715/3G(I)C
c
C OUTPUTc1000 FORMAT(2G)CC W E L L  1 5 - AWR IT E( 6/1001)
1001 F O R M A T ^ / ^ ^ I X / ' P R E D I C T I O N S  FOR WEL L 1 5 - A # )
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1002 F O R M A T ( / / , I X , ' G A S  R A T E ' , 4 X ,  'WGP ',6 X , ' G P  1 C X , ' N P '
DO 20i 1= 1,15W R I T E ( 4 0 , 1 0 C 0 ) X T C l ) /OG 1 5A( I)200 W R I T E l 6 , l 0 0 3 ) Q G 1 5 A ( I ) , W G R 1 5 A ( I ) # G P 1 5 A C I ) # X N P 1 5 A C I100 3 F O R M A T C 1 X , F 7 . 3 , 3 X , F 6 . 2 , 3 X , F 7 . G , 3 X , F 7 . 0 , 3 X , F 8 . 0  )CC JELL 3-9W R I T E C  6 / 1 004)1 00 4 F O R M A T C / / / / , I X , ' P R E D I C T I O N S  FOR J EL L  3-B') W R I T E ( 6 , 1 0 0 2 )DU 300 1 = 1 , 1 5W R I T E C 4 1 / 1 0 Q C ) X T C I  )<GC3B( I )300 W R 1 T E ( 6 / 1 0 0  3 ) Q G 3 B ( l j , W G R 3 B C I ) , G P 3 B ( I ) , X N P 3 R ( I ) , f l PCC W E L L  4-BW P I T E C 6 / 1 005)1005 F O R M A t ^ / ^ ^ i X / ' P R E D I C T I O N S  r OR WELL 4-B')
DO 400 1=1,15W R l T E ( 4  2 , l 6 0 0 ) X T (  I), 3G4B(n W R I T E C 6,1 003 ) Q G 4 B ( I ) , W G R 4 B (  I )/400 ( 3 R 4 B ( G P 4 B ( T ) / X N P 4 R ( I ) / W P 4
C W E L L  5-BW R I T E C  6 / 1 0 0 6 )100 6  F 0 R M A T ( / / / / , 1 X , ' P R E D I C T  IONS F DR W E L L  5 - B ' )  W R I T E ( 6 , 1 0 0 5 )DO 500 1 = 1 / 1 5W R I T  EC 4 3 / 1 0 0 0  )X T ( I ), GG 5B ( I )5 00 WRITEC6/l 0 0 3 ) v ) G 5 B (  I ) / W G R 5 B (  I ) , G P 5 B ( I  )/ X N P 5 B (  I ),WPCC W E L L  4-CW R I T E C 6 , 1 0 0 7 )1007 F O R M A T ( / / / / , I x , ' P R E D I C T  IONS ? OR WELL 4-C')
D O  600 1 = 1 , 1 5W R I T E ( 4 5 / 100 0 ) X T ( I ) , Q G 4 C ( I  )600 W R I T E ( 6 / 1 0 0 3 ) Q G 4 C ( { ) / W G P 4 C ( I ) / G P 4 C C I ) / X N P 4 C ( I > , W P
C W E L L  2-DW R I T E C  6,100 9)1 0 0 9  F O R M A T C / / / / , I X , ' P R E D I C T I O N S  FOR W E L L  2 - D')W R I T £ ( 6 , l 5 0 2 )DO 650 1 = 1 / 1 $W R I T E C 4 7 # 1 0 0 0 ) X T C I ) , 3 G 2 D ( I )65 0 W R I T E C 6 , 1 0 0  3 ) Q G 2 D C I ) / W G R 2 D ( I ) , C P 2 D C I ) , X N P 2 D C  I),/?
CC W E L L  6-BWR IT EC 6, 1 00 8 )10 0 8  F O R M a T C / ? / / , I X , ' P R E D I C T I O N S  F O R  W E L L  6-B')
W P ! ?00 1- 5
700 SRiTE[6?lio3')ljG6BH5?SGp£Bh)/GP6B<I),XNP6B(I)/<IP6
C O U T P U T  F O R  T O T A L  F I E L D





',5X, * G P * / 9 X / #N P * / 9 X / #W P #, 8 X  
/ 3 X / F 7 . 0 / 3 X / F 8 . 0 / 3 X / F 7 . 2 / 3 X /
P AT E





S U B R O U T I N E  C A L C U L A T E S  P R O D U C T I O N  FOR E X P O N E N T I A L  D E C L I N 1  W E L L S
I F ( Q G 1 . L E . 1 0 . )GO TO 100 I F ( W G R l . G E . l O 0 . ) G 3  TO 100 Q C 2 = Q G 1 * 2 . 7 1 B 3 * * ( - D * T )D G P = 1 2 . * ( Q G 1 - Q G 2 ) / D  G P 2 = G P 1 ♦ D G PW G 9 2 = W G P 1 * 2 * 7 1 8 3 * * ( D G P * W D / 1 C 0  3 . )W P 2  = WP1«-(( W G R 1 * W G R 2  ) / 2 . ) * D G PX N P 2 = X N P 1 * 0 C R * D G PG O  T O  200
Q G 2 = 0 .G P 2 = G P 1W G R 2 = W G R 1* P2=WP1X N P 2 = X N P lC O N T I N U ER E T U R NF N D
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APPENDIX F 
SAMPLE FUTURE PREDICTION CALCULATION
Well 15-A for 1983:
1.) Initial parameters at beginning of 1983: 
Gp = 1.872 BSCF 
Cp = 7.86 MSTB 
Wp = 2 5.55 MBbl 
Qgi = 100.64 MMSCF/mo 
a = 0.2203/yr 
WGR = 14.84 Bbl/MMSCF 
WI = 0.0 916/BSCF 
OGR = 4.2 STB/MMSCF
2.) Calculations:
Qg2 = 100. 64*e ("°* 2203) = 80.74 MMSCF/mo 
Gp = 12* (100. 64 - 80.74)/0.2203 = 1. 084 
BSCF
Gp = 1.084 + 1.872 = 2.956 BSCF 
WGR2 = 14.8 4 * e (1 •084*°•0916) = 16.39 
Bbl/MMSCF
Wp = 25.55 + 1.084* (14.84 + 16.39)/2 = 
42.47 MBbl 
Cp = 4.2*2.956 = 12.42 MSTB
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APPENDIX G 
SAMPLE THEORETICAL RECOVERY CALCULATION




Bgi = 0.002746 res ft 3/SCF 
Cf = 14 x 10-6 vol/vol/psi
f
Pi = 10480 psia 
P = 670 psia 
Sgr = 0.32
Bgr = 0.02909 res ft 3/SCF
2.) Calculate theorectical recovery:
Vgi = (1-0.205) 0.229/0.002746 = 66.30 
SCF/cu ft
0 2 = 0. 229 x e"14 X 10-6 <1048°-670>=0.199 
Vgr = (0.32 x 0.199)/ 0 .02909=2.19 SCF/cu ft
R = (66.30 - 2.19)/ 6 6 .30 = 96.7%
